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Ken? 









Gives steel 


Rapid, repeated raising and dropping 





a 3,000 ft. string of drilling tools puts 
terrific shock stress and fatigue strains 
on portable drill rigs. This Keystone 
spudder uses Nickel alloy steels for 
transmission shafts and other vital 
parts. Nickel alloy steel shafts in this 
equipment have failure-free records of 
more than three years’ service. Plain 


carbon steels, previously used for 





shafts, often failed in three to four n i 
months. Adding Nickel — the funda- 


mental alloying element—to irons and the fundamental 
steels guards against costly break- : allo in ele ent ; 
downs on your equipment. y g m | 
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Nickel alloyed into steels and irons imparts added 
strength, toughness and wear resistance. Evidence is 
these tainter gate chains produced from Nickel alloy 
steel by the Goodman Mfg. Co., Chicago. 14" pins 
showed a breaking load of 539,000 Ibs. and a yield point 
of 431,000 Ibs. These chains dare not fail for they con- 
trol flood gates on Mississippi River dams. For vital 
units in your plant, specify Nickel alloy steels. Your 


consultation regarding uses of Nickel alloys is invited. 


After 12 years’ service in an industrial 
truck this Nickel alloved gear still re- 
tained toughness and ductility. The 
photograph shows how it battered but 
did not break when balls from a shaft 
bearing fell between teeth of gear and 
pinion. The gear is heat treated SAE 


3135 Nickel-chromium steel, the same 





alloy specified today. Nickeialloy steels 
have backbone to stand up under long 
severe service. No wonder they prove 


sO economical ona per-vear basis, 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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What's Coming —I[n order to be more appro- 
priate in regards to time of presentation, this 
year the report of our annual Survey of Engi- 
neering Design Activities has been shifted from 
the November number to December. Although 
similar to last year’s report. this year we will 
vive additional specific data on new materials 
and devices and the names of the manufacturers 
that furnished the data. But of even greater 
value will be the detail drawings and pictures. 
with captions showing how engineering design- 
ers are taking advantage of the latest develop- 
ments in industry to improve their products 
through the use of better materials. new parts 
and finishes to enhance appearance. For greater 


reference convenience we will include. for the 


benefit of engineers and designers. an item- 
ized index of all of the parts. materials and 


units covered, 


Cover Picture — Symbolic dramatization. by 
Weslev Neff. of the 1940 automobiles. 
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What Course 1s Being Charted for 
RODUCT Development? 


Again in 1939 and for the 8th consecutive year, PRODUCT 
ENGINEERING will publish its annual survey number on the course 
of current activity in product development. Engineering executives in 
more than 500 companies are contributing to the survey now being 
conducted by our editors. 

Trends in design-engineering activity this year and a forecast for 
development work in 1940 will be the high spot of this December 
number! 

And as in previous years, there will be a review of improved parts, 
materials and finishes showing the modern designs in which they have 
applications, and telling the reasons why they are used! 

This number brings you the inside picture of the design improve- 
ments which leading engineers are incorporating in their products. 
It gives you a wealth of reference material that you will want to keep 
at your finger tips for months to come! 


Advertisers are reserving extra space to tell you about 


their parts, materials and finishes and how they will e 


help you design added sales appeal into your products 


. further broadening the reference value! 


Sth Cnnual Report att g 
ecember PRODUCT ENGINEERING © 
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GEORGE F. NORDENHOLT, Editor 


Why Worry Over Progress? 


IN THE OFFICE of the chief engineer of a laminated 
plastics manufacturer I was shown a laminated plastic 
panel for the inside of a domestic refrigerator door. “It 
looks as if every refrigerator manufacturer will adopt that 
type of construction,” said the chief engineer, “and if 
they do. it will double the production of laminated 
plastics.” 

It was only a short time later that I received a note 
from one of my friends. “The steel company that I called 
upon.” read the note. “is much concerned over the in- 
roads being made by plastics as a substitute for steel.” 
\nd the very next day some one commented on the 
increasing use of stampings and forgings in place of 
sand castings. Thus the industrial picture keeps chang- 
ing to the tune of sales managers sweating and worrying 
while “technocrats” harp that each step of progress is 
but another step to chaos. 

Of course there will be more and keener competition 
between the different materials of construction, and 
methods of construction as well. Such competition is of 
immense benefit because it compels each and every indus- 


try t. be “on its toes” and alive to every improvement 


that might be made both in the material and in the 
proc:~s of producing it. Of course in many instances the 
impr vements in the material give it longer life. Copper 
bear» steel, Brunorized rails and stainless steels are 
brilli it examples of increased durability and longer life 


resulting from improved materials. And again the “tech- 
nocrats” shout, “I told you so; that means eventually less 
production and fewer men employed.” That claim seems 
reasonable, but let us consider a few other factors. 

Railroads need not spend so much on rail replacements 
because the life of a rail has been increased. But rail- 
roads are also in dire need of new rolling stock, new 
bridges and other structures. Is it reasonable to assume 
that the railroads will “pocket” the money saved by the 
longer lived rails? Or will they take advantage of these 
savings to put more money into sorely needed new rolling 
stock and structures? 

The consuming public has limited money available for 
automobiles and machinery for the home. If the life of 
the equipment is increased or the price reduced, more will 
be bought. Two or more radios per home are common 
because radios are relatively cheap to buy and own. 

And so it goes with every new development of science 
and engineering. Increasea rate of consumption in the 
long run outstrips the economies in labor and material 
so that the sum total of the latter over a period of years 
increases when measured in dollars and cents. 

Admittedly, competition will always compel every in- 
dustry to keep up-to-date and aggressively defend its posi- 
tion. But one must always guard one’s self against confus- 
ing progress with calamity. As long as there are wants to 


be satisfied there will be jobs to be done. 
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AUTOMOBILES OF 1940 


MPROVEMENTS | in 


struction, 


engine con 


wider use of Granodiz- 
ing and hardening processes, further 
overdrives 


developments in automatic 


and hydraulic transmissions and _ refine- 
ments in the remote control gear-shift- 
ing mechanisms introduced generally 
last 


standing design developments apparent 


year are among the more out- 


in the new cars. In addition, synthetic 


rubber is finding wider use, and me- 


chanical parts such as oilless bushings. 
fastenings. plus screws and rubber mount- 
ings are receiving increased attention, 
Driver and passenger safety has been 
further assured by new headlamps. and 
glass which are stand- 


new-type satety 


ard Several 


equipment on most. cars. 
makers, Hudson, Cadillac, Oldsmobile 
and Pontiac. have adopted the direc- 
tional signal idea pioneered by Buick. 


The sealed beam headlamps developed 


by cooperative research are described 
ind illustrated on page 474 of this article. 


The 


stronger at low 


new type safety glass is much 


temperatures, and has 


resistance and excellent 
These 


were achieved through the use of a recent 


high impact 


optical properties. improvements 


development in’ plastic material, vinyl 
acetal. as the sandwich filling. This 
plastic has good adhesive and edge 


sealing properties, is more transparent 
and does not discolor with age. 
electrical 


Refinements in equipment 


include the silver plating of all exposed 


terminals in the Hudson car and _ in- 


creased use of glass insulation. To meet 


greater load demands. generators have 
been redesigned. Because of space limit- 
ations size could not be increased. so 
designers have used shunt-type construc- 
insulation. 


glass 


tion. air cooling and 
Cadillac in particular has glass-insulated 
armature windings; these are also found 
in the Greyhound bus. Ignition cables in 


LaSalle. Packard and Chrysler Imperial 


have high-voltage glass insulation. In 
continuous test. glass insulation main- 
tained properties 1.000 hours without 
breakdown while cotton insulation of the 
same capacity failed after 25 hours. 
Electrically-operated windshield wipers 


are offered by Dodge, Chrysler and Pack- 
ard. The Chrysler wiper is fitted with 
two-speed control and automatic circuit 
breakers which protect the device when 
blade meets excessive resistance, 

Other points of interest include use of 
lead-coated sheet steel, terne plate. to 
Buick 
filters on 
filter in 


combat corrosion and = rust 9 on 


mufflers: wider use of oil 
standard 
the oil line to the 


Packard cars: 


models; the use of a 
zero-lash tappets in 
and the pressure cooling 


Buick. 


under seven lb. per sq. in. pressure, this 


system designed by Operating 


cooling system permits higher engine 


temperature and increased engine efh- 


ciency: alcohol loss is prevented, heater 


effectiveness increased, and chance of 


boil-over in hot weather lessened. 


Chevrolet bodies are now com 
in order to 


durable 


Bonderized 


more and 


make the 
attractive. P 





pletely 
finis! 


ackard 


bodies are given an oxylin treatment t 


remove rust; the body is then 


washe 


in petroleum solvent and given a bath i! 


Deoxidine, a phosphoric acid s 


lution 


which further removes any traces of 1 


maining rust. Subsequent steps in 
ing are a rubdown with steel wool 
treatment. air 


ond Deoxidine 


hinis 
7 a se 


ibdow 


with alcohol to dry the body, two prim 


coats. a black coat primarily for the pu! 


pose of showing-up defects in the ste 


surfaces. and finally five coats of lacque! 


with sanding and baking betwee! 
All edges, such as on doors, art 
extra thick coats to assure a goo 
finish at these points of wear. 

In the 


points of design are presented by 


following pages int 


of detail photographs and line d 


No attempt has been made to 


styling and appointments since t! 
covered in the dail 


been well 


Emphasis has been placed on 


cal refinements new this year: 
such as remote control shiftin 
are new to some makes this 


merely mentioned since they h 
fully discussed in previous artic 
Dec. 1938. p. 474-478). Spa 
tions do not permit coverage « 


¢ 


new designs: the aim has been 


briefly some of the more. i 


trends in automotive engineer! 
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MONG the new 


engine and 


developments in 

transmission are 

found increased use of processes 
to produce wear-resistant surfaces, more 
extensive application of needle and _ ball 
hearings and considerable use of syn- 
thetic rubber seals and gaskets. In some 
cases changes in construction have been 
made to facilitate manufacturing, as in 
the Buick torque tube. Generally engines 
remain similar to 1939 models except for 
minor details. 

Gears on Dodge cars are shaved and 
lapped instead of being ground. Packard 
and Chevrolet use all helical gears. ecar- 
burized. hardened and lapped. Cyanide 
hardening of the camshaft sprocket adds 
lift to the Pontiac six-cylinder engine. 
[his extra hardness is not required on 
the eight because the drag of the eight 
cylinder crankshaft is much steadier as 
compared to the intermittent loading of 
the six. Packard camshaft cams are in- 
duction hardened to provide a hard wear- 
ing surface. Camshafts on the Dodge are 


electric furnace iron, cast; camshaft 
bearings have a high lead content to 


reduce friction. Although lead bearings 
generally have plastic flow at high unit 
pressures. this is not a factor here be- 
cause camshaft bearing loadings are low. 
as contrasted with crankshaft loadings. 
ind bearings are made large enough to 
keep unit loads low. Tip ends of rocker 
ims in the Buick are flame hardened. 
Valve seat inserts in the Dodge and 
Plymouth are shrunk in at —90 deg. F. 
Pontiac cam contacting surfaces on valve 
lifters are Granodized. 

Main hearings on the Dodge are 
dronze-backed ~Babbit babbitt 
bonds better to bronze than to steel and 


because 


ENGINES AND 
TRANSMISSIONS 


does not chip off. Pontiae has roller 
bearings instead of bushings for trans- 
shaft 


in all 32 ball and roller bearings per 


mission counter mounting. using 
car. Needle bearings are used at four 
points in the Dodge transmission. Tap- 
pets and brake drums are Superfinished 
in the Dodge. The rear-axle pinion rear- 
bearing surface in the Pontiac has a 
special lapped finish. 

\ Victor crankshaft seal is used on 
Chrysler between crankshaft and crank- 
case. Seal is of pressed steel with a syn- 
thetic-rubber impregnated fabric sealing 
with the 
In the Dodge 


synthetic 


element held in close contact 
shaft by a garter spring. 
timing rubber 


gasket replaces the former paper gasket. 


case cover, a 
New gasket is made of paper coated on 
both sides with a layer of synthetic rub- 
ber. Gasket between oil pump and cylin- 
der block is also synthetic rubber. Buick 
has eliminated the gasket between the 
exhaust manifold and the head to allow 
the manifold to expand and contract 
without undue restraint. Experience has 
shown that the gasket is of little value 
in maintaining tightness between engine 
block and manifold if the manifold 
warps. Face of manifold and bearing on 
the head are machined to a fine finish. 
In the experience of Buick. when the 
various parts of the engine are balanced 
in the usual manner and then assembled. 
the result is an average maximum of 11, 
in.-oz. out of Buick now. bal- 
ances the completely assembled engine 


balance. 


by putting it on a newly-developed bal- 
ancing machine and drilling the fly- 
wheel to obtain the best possible balance 
with the result that the engine is balanced 


to’. In.-oz. maximum. 














orm with 
elically ground 
| ncave groove 


eee 









~- Nut with helically 
ground concave 
groove 


_-Pinion integral with 
Pitman arm shaft? 
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“Copper ribbon 
Filter unit 





( 
Crankcase 
ventilator outlet 








filter. 
With the conventional crankease ventila- 


Crankease ventilator outlet 
tor outlet. it was experienced that a hot 


motor left standing in a dusty atmosphere 


would. upon cooling. draw grit-loaded 
dust into the engine. To prevent. this, 


Pontiac inserts a copper ribbon filter unit 
in the ventilator outlet pipe. 
















KSws 


Section A-A 














New driven plate. the torbend disk, 
has been designed for 1940 Cadillac 
This disk. made of special 
spring steel, is cut into a number of seg- 


clutches. 


ments each of which has been waved to 
act as a cushion to give smoother clutch 
engagement. Through sizeable weight re- 
duction in the new 


design. an inertia 


reduction of from 20 to 23 per cent has 
been realized. This inertia reduction de 
creases clutch spinning time. aiding gear 
shifting. 


Ball bearing worm and nut stecring 
gear. on the Cadillac series 72. This type 
is efhcient because of friction reduction 
accomplished by placing a large number 
of balls between the steering worm and 
the nut which encircles it. Rotation of 
the worm causes the nut to rise or fall as 
in the usual type of worm and nut gear. 
but instead of sliding contact between 
the worm and the nut. the balls provide 
a practically frictionless rolling contact. 
As the steering wheel is turned. the balls 
roll between the worm and the nut. work- 


ing their way up or down steering shaft. 


(Continued on next page) 

















AUTOMOBILES OF 1940 


OLDSMOBILE’S HYDRA-MATIC DRIVE 


EVERAL SCHEMES for transmit- 
ting crankshaft torque to the driv- 
ing wheels by hydraulic means are 

employed in the 1940 cars. Chrysler uses 
a fluid coupling in combination with a 
friction clutch and conventional trans- 
mission (see P. E. March, 1939, p. 96). 
Oldsmobile combines a fluid drive with 
a fully-automatic, hydraulically-actuated 
planetary transmission. Operating on the 
principle of conservation of momentum. 
the fluid flywheel delivers engine torque 
in infinitely variable steps as the mass of 
oil flows by centrifugal force from outer 
periphery of the driving member to that 
of the driven member and then towards 
its center. Energy in a particle of oil at 
outer edge of driven member is propor- 
tionate to M1 
effective 
increase resultant torque. 


when v decreases. the 


force will increase and thus 
\ simple ex- 
ample is that of two opposite weights 
rotating at equal distances about a cen- 
ter. If the weights are moved in towards 
the center, rotational speed increases. 
Creep under idling conditions is min- 
imized by locating the fluid members be- 
tween the front and rear units of the 
transmission where speed of the fluid 
driving member has first been reduced to 
0.7. At this low speed little or no driving 
force is imparted to the driven member. 
Since excessive slip under driving condi- 
tions is undesirable because of reduction 
in efficiency, slip is reduced to a mini- 
mum by an arrangement in which only 
part of the torque is transmitted through 
the fluid drive. In 4th gear. slip through 
the Hydra-matie drive is less than 1 pet 
cent over a large part of the driving 
disturbances are 
transmitted from the engine to the drive 
line and up into the body. The shape of 
the torus ring and the area of the pass- 


range. No torsional 


age between the torus vanes have been 
designed to give the least possible restric- 
tion to flow of oil through the torus, to 
increase efficiency and minimize slip. 


Transmission Operation 


In low gear, the brake bands of both 
gear-sets are held tightly against the 
drums and power is transmitted through 
two sets of gears. In second gear. the 
brake band of the forward gear is re- 
leased and power is transmitted through 
third) gear. the 
brake band on the rear gear-set is re- 


the rear gear-set. In 
leased and the front band tightened and 
drive is through the forward gear. In 
fourth gear, the bands of both gear-sets 
are released and power is transmitted 
directly through the transmission from 
the engine to the rear axle. Fourth gear 
is a direct drive and not an overdrive as 


in some transmissions offering four for- 
With this type transmis 
sion, no clutch pedal is required. 


ward speeds. 


ENGINES AND TRANSMISSIONS 


Transmission consists primarily of 
two planetary gear sets which are con- 
stantly in mesh. These gears are placed 
trans- 


mitted through either or both of the geal 


in series, so that power may be 


sets. This arrangement makes possible 
several combinations of gears and_ pro- 
vides four forward speeds. The automatic 
selection of the most efficient gear for 
each speed is controlled by a centrifugal 
governor, incorporated into the transmis- 
sion. which controls the gear selecting 
mechanism. The change from one geat 


























































































































Fluid ecluteh housing consists of two 
stampings with splined hubs welded in. 
Spline is broached in place for accuracy. 
The fluid unit is composed of two “torus 


members” each splined to an independ- 












to the other is accomplished throug 
hydraulically operated pistons that « 
trol brake bands on the planetary g 
sets and clutches within the planeta 
units, 

Control is located on steering colun 
First position Is neutral; in next posit 
all four forward ratios are operat 
Third position, in which only low a 
second are available, is used for hea 
pulling in sand or mud or for eng 


braking on steep hills. Fourth posit 


of lever selects reverse gearing. 








ent. shaft. Principal 
shell. torus ring. torus vanes. rus ! 


These parts are fitted together pla 


vanes through slots in hub o: ter ee" 


and turning over projecting e 
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Hydraulic system functions to supply 
dil pressure at the proper time to actuate 
clutch pistons and brake bands of the 
planetary units. and thereby controls the 
various changes in gear ratios. It is basie- 
ally a system of balanced valves: that 
is, oil is admitted to the various valves 
and regulated between inlet and exhaust 
openings to variable force 
Which may be spring pressure. in’ the 
case of the throttle valve. or centrifugal 
force in the case of the governor valves. 
Oil is admitted to the governor valve 


balanee a 


pump. As the governor spins. 
centrifuy 


emor va 
Some oj! 
thereby 


| force so positions the gov- 
e that a port is opened and 
s admitted to the valve itself 
lilding up pressure to oppose 


the and 4th 


gear. On the opposite end of this valve is 


transmission between 3rd 
applied a fixed spring pressure and an- 
other variable pressure known as throttle 
valve pressure. This pressure is regulated 
by throttle position which also actuates 
another balanced valve as shown in the 
sketch. 

When the force exerted by 
the 3rd and 4th valve ex- 
ceeds that exerted by throttle valve pres- 


governol! 


pressure on 


sure plus spring pressure on the opposite 
end. the valve shifts and oil is directed to 


brake release piston of the front servo 
unit. This shift from 3rd to 4th occurs at 
approximately 20 mph at light throttle. 
If the throttle is opened, the throttle 
valve 


pressure is increased and 


shift is made at approximately 65 mph. 

To shift from 4th to 3rd below 60 
m.p-.h. that the force 
throttle valve pressure plus spring pres- 


requires from 
sure exceed that of the governor. Under 
these conditions. oil cut off 
from the clutch pistons and directed to 
the brake-apply piston of planetary gear 
set. Opening the throttle wide provides 
the necessary force on the shifting valve 
to accomplish this change from 4th to 
3rd gear. 


pressure 1s 


The governor consists of two valves: 
rad through the 80 Ib. per sq. in. line the front unit clutch pistons and_ the one builds up pressure rapidly and the 
tom thi 


other builds up slowly. This results in 
more flexibility of control than is possible 
with a single stage governor. A single 
valve is shown on the sketch for the sake 


conse- of simplicity. Shifts between Ist and 2nd 
the centr ‘ugal force acting on the valve. quently governor pressure must be built gear are actuated by that stage of the 
Thus g0 ernor pressure increases with up before the shift can be made. This can governor in which the rate of pressure 
ai Sper Governor is driven by the be accomplished only by increasing the build-up is rapid, while shifts between 
fansmis m output shaft. Governor pres- car speed. Therefore. varying throttle 2nd and 3rd. and 3rd and 4th. utilize 
Is plied to one end of a shifting opening results in a 3rd to 4th gear shift both stages. 
r edge Valve: f, 


EERIM 


example, the valve which shifts 


Novem! or, 1939 


over a wide speed range. At full throttle. 


(Continued on next page) 
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FIRST GEAR 
3.658:1 reduction 











_---Reverse planet pinion gear 


— 


Flvia clutch--4 —_ , Front unit sun gear Rear unit clutch piston 
cover ! pe oe 7 Front unit brake band Rear unit brake band 
Fly wheel ~ . planet pinion ee. Frontunit clutch // Rear unit clutch 

; nr ny | (Front unit brake arum/'/ / Rear unit sun gear _Reverse drive flange 
a ee | (penn Pi Spf Rear unit planet pinion gear-- “ | 

eee pod al M | piston a) / Rear unit planet wer atil --Reverse ur? sun gea | 
fon ener carrier ) ! intermediate Sff a ” D .- ro al _ ___---- Reverse internal gea 

ae Pe: -o=° 


_--Reverse planet pinion carrier 


— aa WHS- 


yet = 


“wain shaft 


~~Externa/ teeth 


Rear unit internal gear 


pOutput shaft 














Front unit brake / 
band released : 
! / r Rear untt brake band applied 
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SECOND GEAR 
2.533:1 reduction 


7~—-Rear unt clutch released 


7--Front unit clutch engaged 
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by heavy sectioning 


All rotating parts are shown 





First gear. Flywheel 1 is 


bolted to 
the engine crankshaft. Fluid-clutch cover 
2 is bolted to the flywheel, and splined at 
3 to the front unit 
Power is transmitted through internal 
5 to planet carrier assembly 
6 which rotates at 0.694 of engine speed 
as it is reacted upon by sun gear 4. Sun 
gear A is held stationary by being bolted 
to the hub of drum B, which is locked to 


drive 


gear quill 4. 


gear teeth 


case C through brake band D. Planet 
carrier assembly 6 is keyed to interme- 


diate shaft 7 which is splined at 8 to the 
rear driving rotor 9, This rotor imparts 
centrifugal force to the oil with which it 
is filled. 

The is then in turn thrown from 
the rear rotor across gap 10 to the front 


driven rotor 11. 
the 


and flows back again to 
inner contour of the rear rotor. The 


front rotor is splined at 12 to the main 
shaft 13. Power then progresses 
through driving sun center 14 of the rear 
planetary unit into planet carrier assem- 
bly 15. which rotates at 0.395 of the front 
gear speed, 
by ring 
drum F, 
band G. 

The rear unit planet carrier, which is a 
part of output shaft 16, rotates at 0.694 
x 0.395 
page of the fluid clutch may reduce this 
output speed slightly. The front brake 
band is applied by hydraulic pressure 
and the rear band by both spring and 
hydraulic pressures. 

Selection of the 


drive 


because it is reacted upon 
E which. as an element of 


is locked to the by brake 


gear 


case 


0.274 of engine speed. Slip- 


most efficient gear for 
each speed is controlled by a centrifugal 


governor, incorporated into transmission. 


Second gear. As in first 
power is 
teeth 5 


front 


transmitted to 
where 
carrier 


unit planetary 


internal 
it is transferred to th 


gear, the 


geal 


which 


locked by clutch H to intermediate shat 


7 through drum B and the 


sun 


geal 


Power is then —“~ through spline 6 


rotor elements 9, 10, 11. and 12 
shaft 13, where it is ‘teanendined 


rear unit elements 14 and 15 t 


shaft 16. 

Neglecting the slippage of 
clutch, the output shaft in seco: 
is reduced to only 0.395 of engi 
as the front planetary unit acts | 
The front u 
band in second gear is release 
by hydraulic pressure and the | 
multiple disk clutch is held by 
pressure as shown on preceding 


a direct coupling. 
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» speed 
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Third 


flow anc 
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NEIPOWER FLOW THROUGH VARIOUS GEAR SETTINGS 
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All rotating parts are shown 
by heavy sectioning 








































































THIRD GEAR 
1.444:1 reduction 
— ci 
| a 
\| Front unit brake —_pRear unit brake 
! band applied / band released 
' -Frontunit clutch | r-Rear unit clutch 
| | plates released | | plates released 
Fé / /» ee 6 
SF mae 7, 
Roh, 740e2e28 Lee Sprag engaged Q a 
771 Peis Py) yin ; Vis TILELEI S 
aa oy TH HALE iiss Ww 
REVERSE GEAR 
| 4.309:1 reduction 
a = 
the Third gear. As in first gear the power hydraulic pressure overcomes — spring 103 into reverse sun gear 404 and into 
veal flow and reactive elements are the same pressure. The rear unit clutch is oper- reverse planet carrier 405. Here it’ is 
thi through front unit planet carrier assem- ated hydraulically. In fourth gear. added to the force in spider 301 of out- 
h is bly 6. When power is supplied to inter- as in second gear, the power is trans- put shaft 15. Reverse internal gear / 
shatt mediate shaft 7. torque divides two ways. mitted to intermediate shaft 7 at which furnishes a reaction to the reverse planet 
geal \pproximately 40 per cent goes through point it is divided as in third gear. pro- assembly. as it is held) stationary by 
- 8 uid cliteh elements 101. 102. 103, 104. gressing in part through 101 to 107 and means of a sprag J engaged with the 
mall and 10. and main shaft 106 as in first the remainder through 201 to 204 and external teeth K. Reversal occurs as fol- 
oul and second gears. The remainder is ear- thence through carrier 8 and shaft 9. lows: The rear unit sun gear revolves in 
utpul ted resrward by the intermediate shaft Neglecting fluid slippage. fourth gear is the same direction as the engine causing 
throug! splines 201. clutch hub 202. a direct drive. its meshing planetary pinions to rotate in 
fluid clutch 03. and internal gear teeth 204. Reverse. Power transmission is the an opposite direction. This in turn causes 
speed ‘0 rear unit planet carrier 8. At this same as in first gear through the rear the rear unit ring gear to revolve opposite 
speed point t! » torque carried by shaft 106 is unit sun gear 14. As the torque is ap- to the motor. As the rear unit ring gear 
ely a° also tra smitted through sun center gear plied to planet pinion. however. — it moves, it carries the rear unit planet 
brake 107 to ve rear unit planet carrier. Out- divides; part of the rotative force being carrier rotatively at a reduced speed. The 
nainl putsha 9 is an integral part of the rear transmitted to the rear unit planet car- rear unit brake band is released hy- 
t unit unit pl iet earrier, and rotates at 0.696 rier 301. the rest to the rear unit in- draulically, clutches are disengaged and 
rauli engi + speed. slippage neglected. The ternal gear 401. whence it progresses sprag is engaged manually through 
ge. rear u brake band is released when through the drum end 402 and fingers linkage. (Continued on next page) 
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A= Location of 1940 spring center 
B= Location of /939 spring center 
C= Upward force of 1939 torque ba/ance 
D= Upward force of /940 torque balance 
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a. tube construction changed “a 
to facilitate manufacturing 


CL 


.of axle and wheels -~ 

















Minimum adhesion 
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INSULATOR 


Black rubber 
45-5! durometer 


hardness - 






[* 32" destruction load 1250 tbh 
sania Sas fo coe 1 vaca inspection test load 1000 lb 
- / /3 — 
\ 76 : 
laa ~ Vulcanize rubber 
we “I } securely to metal 
i ; Black rubber 
32-38 durometer 
hardness, 
ad pa , 5% aad | ~. eg : ~ 
me a el le yoy! 
“5 Alam 
As 

i r zs jar 4 ESS 
> \ 
Mia rs 1 o” 
ba i Hl Z free hesaht 

! ‘S . Aa : 

1 s . , 
” /z= under JOO/t 
tt. 
her. R t 9 load, 
= ” 
Aa Ul se ee 

~ spher.R 42 Z, 7, Aiam.-2 hole: 


z/ 
ro) 24 tap -2 hole 


ASSEMBLY FOR ENGINE FRONT SUPPORT 





Section A-A 


Vulcanize rubber 
securely to meta/ 








Relation of Ao/es 
to each other must 


be maintained 
within limsts shown 
A 
AN 
f\ 
0.0536 | 
i ‘ 
O OF3") ' 10. 
P ' q 
i] 
' ‘ 
@ Ht 
\ 
! 
! 
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as m a 
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X 








\ , | oY 
<a x 2s” | VRE 
or \ ref lim. 
oz ; 
% \ 


Minimum adhesion of rubber 
to metal 200 lb. per Sq.in. 
inspection test load 


Thin flash permissible 
Remove a// /oose rubber 


L.H. Shown 


Sample must receive 
engineers approval 
bebore quantity is made 


INSULATOR ASSEMBLY 
FOR ENGINE REAR SUPPORT 








Improved shear type mountings 
the Pontiac engine at three 
points. The two mountings at the rear 
are of the same type. The design of the 
mountings and their positioning is such 


support 


that the engine is restrained from up and 


down, sidewise or fore and aft motions. 


the new mountings permitting slightly 
greater freedom of movement in a clock- 
wise direction of sloping neutral axis. 





Torque tube in the 1939 Buick 





vas 
resistance welded to a stub tube «ast 
into the differential housing. In the 
1940 model Buick there is a flange joint 
between the tube and the housing. to 


facilitate manufacturing rather thay to 
obtain a construction that could be dis. 
assembled. Flanged joint improves align- 
ment. provides increased materia! at 
point of highest stress. Gasket prevents 
leakage. 


Longer torque tube 


model adds to steadier riding 


in new 


and_hian- 
dling characteristics. 





1939 


Vacuum 
Hudso 


consum ptt 


the 





vance Is 

through a 
running t 
Benefits of 
obtained 1 
tions and 
The manif 
spark adv: 
mately in 
throttle Op 
utor is ari 
deg. farth 
advance y 
manifold » 
throttle o) 
operating 

vacuum ¢% 
determine 
open thre 
advance 

vacuum a 
is obtaine 
close to t] 
imity peri 
when the 





Gear sl] 
Buick ha: 


lubricant 


made 


Shorter push rod length is 


possible by a new tappet which has push wear Is 
rod seat brazed to the top of its cast iron welling 


also uses 


shell. In the 1939 Chevrolet. the seat was 
at the bottom of the tappet as an inte 


Ings on 


ral part. By shortening the push rods tliminat. 


£ 
») 


3. in. greater stiffness is obtained. Te almost 
ducing side deflection or bowing of the Pontiac 
rods at high speeds and any tendency t Cable as 
cause humming. Ends of the rod- ar action is 
smoothly finished and hardened. The FP [0 an 
new tappet is made in two parts te per ng has 
mit better control in manufacturins the change 
seat. which is made of steel with a ard: notches 
ened, smoothly finished cup for th: vusl _ meee 
rod. When casting the shell. the cam - neut) 
face is treated to provide extreme ard: ince it 
ness and afterwards is polished to © ver ae 
smooth finish on cam-contacting su ‘ace waiting 
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Vacuum advance control added to 


the Hudson distributor to reduce fuel 
consumption. Pipe to the vacuum ad- 
vance is attached to carburetor body 
through a special fitting with ihe passage 
running to the carburetor valve port. 
Benefits of the vacuum spark control are 
obtained under average driving condi- 
tions and at moderate highway speeds. 
The manifold vacuum which controls the 
spark advance or retardation is approxi- 
mately inversely proportional to the 
Accordingly the distrib- 
utor is arranged to advance the spark 15 
deg. farther than the normal centrifugal 
advance when vacuum is high. As the 
manifold vacuum decreases with greater 
throttle opening or when the engine is 
operating greater loads. the 
vacuum control retards the spark to that 
determined for maximum power at wide 
open throttle. Since the extra 15 deg. 
advance would cause poor idling, the 
vacuum actuating the distributor control 
is obtained at the point in the carburetor 
close to the throttle butterfly. This prox- 
imity permits the vacuum to be shut off 
when the throttle is closed, 


throttle opening. 


under 


Gear shift lever ball joint on the 
Buick has a new Firestone rubber-fabric 
lubricant-impregnated bushing wherein 
Wear is compensated automatically by 
‘welling of the rubber bushing. Buick 
also uses O& S self-oiling fabrie bush- 
ngs on the gear shift control arm. to 


tliminate the problem of lubricating this 


almost ccessible bearing. The 1940 
) 4 . e . 
Pontiac wey shift has a rod instead of a 
cable as in the 


1939 model. Shifting 
ore positive. involves less fric- 
onstruction is simpler. Shift- 


action is 


tion, and 


Ing . 

. has heen further improved by a 
~uange the transmission shift rail 
notches. sts indicated that the sides of 
the hotc!} 


of second and high towards 


the nent; + a 
© neut position could be eliminated. 


S ‘- 

ince it unnecessary to compress the 
Pt (| at the start of the shift. 
~UTtin g rt is reduced. 

\ovem 1939 


Metal boot protects . 


operating /evers +s 


ee 


To assure quietness in the Chevrolet 
transmission, all gear teeth and splines 
are of helical construction. Previously. 
helical design was confined to the second 
speed and constant mesh gears. Putting 
helical teeth on the low and reverse ne- 
cessitated helical construction of first and 
reverse mainshaft and counter gears, the 
reverse idler gear and the clutching 
teeth on the clutch gear. second speed 
gear, third clutch. 


rings. and mainshaft. 


second and speed 


synchronizer 
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mechanism 


Thrust washers are used with the reverse 
idler gear. Vacuum shift cylinder ts 
essentially the same as the 1939) unit. 
To assure a positive seal. the air cleaner 
is bolted to the frame side rail and 
sealed with a rubber gasket. Transmis- 
sion Case is redesigned for side-mounted 
shifting mechanism and increased in 
length at the rear to compensate for the 
vreater wheelbase. A cork seal on the 
transmission cover prevents oil leakage 


at shaft. (Continued on next page) 
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thrust washer / 
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Firestone rubber 
and fabric, wear 
compensating 


First and reverse 
















Threaded for 
assembly -no 
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\ 
Compressed fabric 
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New rubber body mountings that 
serve the dual purpose of minimizing the 
noise level in the Pontiac all-steel body 
and, secondly, that retain a positive con- 
nection between the body and chassis to 
make them act more nearly as a rigid 
unit. Mounting bolts have the same type 
special self-locking nut as is used for the 
connecting rod bolt. The rigidity of the 
connection between the chassis and body 
is achieved primarily by the manner in 
bolted 
tributed along the frame. 


which the connections are dis- 




















@—Installation Points 



















“~--~Affter assembly these 
center lines must be 
inall planes within 


ralle/ 
mins. 


Weld securely, 
top side 4 min. 
length 





SECTION B-B 


SECTION A-A 


STEERING SPINDLE SUPPORT ARM, UPPER 
AND PIVOT ASSEMBLY 








Insert threaded arm 


in clamp eye of steeri 
knuckle Support, sprea 
- and screw in bushing 


en clamp in place. 
One revolution moves 


steering knuckle support 


inch 








New rear lateral stabilizer in Hu 


son cars prevents sidewise movement 
frame and body with respect to rear a\ 
and wheels and lessens certain av! 
vibrations, resulting in greater riding sé 
bility. “Axle-hopping” is prevented ast 


noises resulting from rear spring le 


fanning or spreading on rough roads a 
Rubber grommets are Us 


eliminated. 
in the mountings at each end. 


Upper control 


independent suspension are made 0! '¥ 


forgings riveted and welded together a 
ends on _ heal 


hinged at their inner 
forged steel pivots bolted to the top! 


the frame cross-member. The connect! 


between the arm and the pivot is by" 


newable threaded bushings op: ating“ 
fight 


the threaded ends of the pivots 
proof rubber sleeves at the inn ends 


arms ol Huds 





all bushings prevent the entra: ¢ of dirt 
and water and aid in retaining ubricé! 
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Frietio nm between Packard spring leaves 
is mininized by antimony-lead inserts in 
the end- of the three lower leaves. Since 
antime v-lead alloy oxidizes, the inserts 
are proiected by grease which covers all 
surfaces except the friction surface. The 
orease. in turn, is kept in by a metal cap 
which fits into an indentation in the lower 
spring leaf. Between the metal cup and 
the upper spring leaf is neoprene seal. 
crimped to the metal cup. This seal re- 


sists the effect of the grease and will 
compress or distort without breaking. 


Inasmuch as the insert and the cup are 
not fastened to the leaf on which they 
seat. the lubrication provided by the lead 
alloy and grease permits free movement 
of the spring at all times. Inserts allow 
of the leaves as the 
spring flexes and also exert a damping 


smooth movement 


effect to prevent excessive flexing and to 
relieve shock absorbers of overwork. 

















Shackle--. Dirt 
Dirt seal......., seal 
ik: “=... Bushing ---"" b 
Zerk< 
sid . Bushing 
pe tana. a: 
; Dirt weer aK 
| ' 3 | Dirt 
: Shackle- ‘seal 
| /@ ro) 
| See See 
| Section A Section B 
| 4 














Assemble the rubber bushings and the bolt but 
before tightening nut compress the spring so 
that the top leaf will have a camber of I"t$" 
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Rubber 
bushing 
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REAR SPRING 
SHACKLE ARRANGEMENT 








Rear ey 


s of Hudsen springs are 
attached 


the frame through threaded 


‘elf-adjusiiig shackles. The shackles 
have sho: Jers which hold new rubber 
dirt seals place. These seals are in the 
lorm of rt rubber sleeves and are 


assemble; 
Serted in 
and retaj 


n the shackle before it is in- 
bushings. Rubber cushions 
- are used between the spring 





EERIW 


= axle sing to minimize road noises. 
abric sp. .g covers keep out road dirt. 
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FRONT SUSPENSION 








Bead Enlarged 20 Times 


Eccentricity of 0.D.a 
not to exceed 0.006 i 








‘eclmaaiiie | 260-22 beads -- - --- r.) istheetins 
0.006, '%2060-> NQ 
<-a0/2 F. >0.030< SS 
| : Sarre 
= Bil 
SNA Nyt 


runout of beads 
icator reading 


SHAFT-KNUCKLE SUPPORT-LOWER ARM 








“+ Oi/- impregna- 










Beads are finished smooth 








Self-oiling fabrie bushing for the 
bearing between the lower control arm 
and the inner shaft on the Buick front 
suspension. Bearing consists of a steel 
shell the inner surface of which is lined 
with a fabric tube impregnated with a 
wax-like lubricant. Shell ends are rolled 
in so that the fabric bushing cannot slide 


axially. Inner shaft is machined from 
S.A.E. 1145 cold drawn steel of special 
section. The *s-in. minimum radius at 


the corner of the D section is to prevent 
drawing cracks at the otherwise sharp 
corner. After machining. the ends are 
centerless ground to exact diameter to 
assure that the tops of the “threads” sub- 
sequently rolled in will be perfectly 
smooth. Threads have zero lead. being 


grooves and ridges to prevent the eom- 
position bushing from sliding axially 
when subjected to thrusts. The composi- 
tion bushings are slid over the ends of 
the cross-shaft and are swaged down to 
fit tightly on shaft ends. Bushing is then 
rotated to wear it in quickly to a perfect 
seat all around. The eye on the Jower 
control arm is then pressed on the bush- 
ing with a definite force fit. The new com- 
position bushings do not require lubrica- 
tion. 

Perfect sealing is provided against dirt 
and foreign matter, which gives a more 
positive bearing than is obtainable from 
rubber bushings which. because of yield- 
ing. interfere with action of front chassis 


spring. (Continued on next page) 
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Semi-elliptic 
Cadillac-La 


pregnated liners between leaves. Friction 


rear springs on al! 


Salle series have wax-im- 


between leaves is controlled by amount 


and type of liner material. Cadillac engi- 


CHASSIS 


neers utilize friction to control rear axle 
movement over rough reads. In addition 
liners eliminate spring squeaks. and do 
not require 


lubrication. Compression 


shackles are used on all series. 








Torque arm of U-section steel replace. 
electrically-welded 


tubular 
Packard 110 mod 


U-section permitted simpler design { 


steel ay 
used previously in 


frame connection bearing. reduced mar 


facturing costs. and provides sufhei 


strength and rigidity. 
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armature 






TO L_H Signal 
lamp — 
frlament 
(2/C.P) 





$f-§ CP 
Pilot bu/b.-. 





Grounded to 
instrument _--14 
pane/ 


Trans/ucent 
green 
arrowhead 





OCrounaed to 
aeck liad ~ 














% nition 
 Mahors 


To parking 
lighh*t 
filamen? 


(2/C.P) 





To R.H. Signa 
lamp ~ 
filament 
(€2/C.P) 


4t--Switch /ever 


+ Signal switch 
assembly 


--lgnition 
ermina/ 


=o. 5f-1C.P 
Pilot bulb 


n . 
+--Grounded fo 
instrument pane/ 
‘Translucent 
green 
arrowhead 





Grounded fo 
aeck lid 





32CP 
Signal bulb 








Rear direction signal lamp 


"2 CFP 
Signal bu/b 








Buick directional signal switeh. 
Frequently automobilists throw the diree- 
tional signal switch for a right or left 
turn and after making the turn fail to 
return the switch lever to neutral. In the 
1940 Buick this 


eliminated by 


been 
means of a pawl. After 
setting the switch for a right or left turn 


possibility has 


signal, the switch remains in that setting 
until after the turn has been made. Upon 


straightening the steering wheel the re- 
verse rotation of the steering wheel 
causes the switch to be returned to its 
neutral position by the action of the 
pawl. Front fender lights on the 1940 
Buick directional 
signal in conjunction with the rear signal 
so that an approaching driver can tell 
whether the driver is about to make a 
right or Jeft turn. 


also function as a 








ereeecomp Unit 
meonsisting of 
Bulb 
Reflector 
Lens 
Front fender 
Head/amp rim lockscrew 








Sealed beam headlights are sta! 
ard equipment on practically all 1% 
Cars. Developed by cooperative researi 
among automotive, safety and _ electrica 
engineers, these units increase lighting 
capacity by 45 per cent. Lamps are pe! 
manently focused in the sealed containe! 
and maintain efficiency for long period 
of time since dampness and dust cann 
penetrate under the lens and dull the! 
flector. These lamps are of two genet 
types: an all-glass lamp which combine 
lens, reflector and filament in what is 

effect a special-shaped lamp bulb. and @ 
assembled type. illustrated above. co 
sisting of plated reflector. bulb and Jem 
sealed permanently. The all-glass ‘ype » 
manufactured by General Electric. Wes 
inghouse and Tungsol; the assembl 
type is manufactured by the Guide Lan 

Division of General Motors. Wit! be! 
types, in case of bulb burnout or | rok 
lens the entire unit must be repla ed 
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NVESTIGATIONS covering the static 
strength of have 


not yet brought forth data of much 


screw fastenings 


value in determining the cause of many 


of the failures in various services or 
in developing improved screw __fasten- 


ings. The advent of high speed engines 
such 


R. R. MOORE 


are progressive in nature, requiring con- 
siderable time to bring about rupture of 
the metal. This progressive type of fail- 
ure has been called “fatigue” and in the 
last 15 years much has learned 
about the fatigue of metals and its rela- 
tion to service failures. 


been 
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8] STRENGTH OF SCREW THREADS 


Under Tensile, Fatigue and Impact Loads 


mined on a smooth specimen. A Whit 
thread the steel 
showed an endurance limit of 21.000 Ib. 


worth cut in same 
per sq. in. which is equivalent to a ratio 
of about 57 per cent. 

Similar made on a heat-treated 
nickel steel S.A.E. 2320 shows that the 


tests 











as are employed for automotive One of the most prolific causes of effect of the thread form is not constant 
and aviation uses, where parts are sub- fatigue failure is the presence of sharp on all steels but will vary with the steel, 
lace jected to large numbers of vibrations and corners, notches, grooves, splines. holes since with the heat-treated S.A.E. 2320 
ar repetitions of stress, developed a type of and other sudden changes in section that nickel steel while the endurance limit of 
oat failure in fastenings primarily caused by develop concentrated stresses. Threads the U. S. standard thread increased to 
a f low fatigue capacity and poor shock re- of the standard vee type have long been 19.000 Ib. per sq.in. the ratio of this 
_ sistance. Recent studies have shown that known to cause fatigue failures because value to normal endurance limit of the 
icie the factors that influence these failures of the stress concentration set up at the steel dropped to 26 per cent and the 
under such service conditions are not root of the threads. Whitworth thread showed a drop in this 
disclosed by the ordinary tension test. The introduction of the Whitworth ratio to 30 per cent. 
— In determining the ability of materials thread was an attempt to overcome the A close examination of Table I illus- 
to meet service conditions. too much re- effects of stress concentrations set up at trates how tensile strength values ob 
~ liance is often placed upon results ob- the root of the thread. In the Whitworth tained on screw threads fail to detect 
= tained from static tensile tests upon the thread the vee at the root of the thread the real significance of stress concentra- 
material. It is rare indeed that a part was rounded off to a radius equal 0.137 tions. The S.A.E. 2320 steel showed an 
fails under the single application of a times the pitch. This change contributed increase of 90 per cent in tensile strength 
load. The tensile test gives values for the somewhat to the relief of stress con- over that of the medium carbon steel and 
properties of a material after it has been centration. the endurance limit showed an increase 
elongated and deformed far beyond the To obtain some idea as to the effective- of about 97 per cent. However, when 
condition that could be allowed to exist ness of the radius at the root of the tests were made on screw threads the 
in a machine or structure. Therefore. the Whitworth thread. tension and fatigue U.S. Standard thread only showed an 
static tensile test measures properties tests have been carried out on the *.—16 increase in endurance limit from 13,000 
which are not representative of the true U.S. Standard form and the ?.—-16 Whit- to 19.000 Ib. per sq. in. or about 46 per 
physical condition of the material in worth thread, and are described in “The cent. The contrast is still more striking 
service. Strength of Screw Threads Under Re- for the Whitworth thread which showed 
The effect of stress concentration upon peated Tension.” H. F. Moore and P. EF. an increase in endurance limit of 1,000 
the fatigue resistance of metals is usually Kenwood, Engineering Experiment Sta- lb. per sq.in. or only 4.7 per cent indi- 
expressed in terms of the endurance tion Bulletin No. 264, University of Illi- cating that very little is to be gained by 
—= limit. The endurance limit is the maxi- nois. The fatigue tests were carried out increasing the tensile strength of the 
mum stress that the metal will with- under repeated applications of axial steel with this type of thread. Such a 
stand without failure when the stress is tensile stress that passed through a cycle conclusion would not be arrived at from 
stan continuously repeated. This is to say that from zero to maximum tension and back tensile tests alone. 
194 under repeated stresses equal to or less to zero. The advantage obtained by using the 
ear than the endurance limit, failure will The results of these tests are given in fillet at the root of the Whitworth thread 
trica not occur regardless of how many times Table I and indicate that under this con- is illustrated in the comparative values 
hting} = the stress is repeated. dition of stress, the endurance limit of a for the endurance limits obtained on 
» pel It is now generally recognized that medium carbon steel bar having a *.-16 each. When both threads are cut in a 
aine} service failures are a result of repeated U.S. Standard thread is 13,000 Ib. per medium carbon steel the Whitworth 
‘Tio application of stresses. These failures sq. in. or only about 35 per cent of the thread shows an increase of 54 per cent 
ann start from a large variety ef causes and endurance limit of the steel as deter- in the endurance limit. However, when 
- 
‘nerd 
bines = 
; Table I—Fatigue Tests on 34-16 U. S. Standard and 3-16 Whitworth Threads 
nd a — 
ci Mepium CARBON STEEL S.A.E. 2320 Stee. 
ow TENSILE ENDURANCE TENSILE ENDURANCE 
ae STRENGTH LIMIT STRENGTH LIMIT 
Wes LB. PER SQ. IN. LB. PER SQ. IN n* LB. PER SQ. IN LB. PER SQ. IN R* 
nb Plain specimen, 57,400 37,000 109,000 73,000 
amt Us. Standard. 13,000 0.351 19,000 0.26 
bot W! tworth thread. . . 21,000 0.568 22,000 0.301 
rok * R is the endurance limit of threaded piece divided by the endurance limit of a plain piece 
ed = 
RIN \ vember, 1939 
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Test specimen screwed into steel plugs that fit fatigue testing machine spindles. 
{fter testing to failure 


Fig. 1 
1) Before testing. (B) 


these threads are cut in S.A.E. 2320 
steel the Whitworth thread shows an 
increase of only 16 per cent in the en- 
durance Jimit. 

The condition of repeated direct tensile 
stress employed on. these fatigue tests 
represents only one type of stress found 
in engineering structures. Screw  fasten- 
ings applied to machine members and 
particularly studs. bolts, and screws used 
on aircraft engines, are also subjected to 
repeated bending or flexural stresses de- 
veloped by such actions as direct loading 
misalignment. and vibration or whipping 
of the fastenings. Fatigue tests have re- 
cently been carried out subjecting screw 
National 
Coarse thread. and a new type known 
as Aero-Thread which has a 


fastenings containing — the 
rounded 
thread root. to repeated bending stresses. 
These tests closely simulated the stress 
conditions that exist in screw fastenings 
applied to machine members and are par- 
ticularly pertinent to studs. bolts and 
screws used on aircraft engines. 

Stud specimens were made for both 
types of threads which were then fitted 
into steel plugs tapped to the required 
thread. The plugs were machined to the 
required size and taper to fit into the 
tapered ends of the spindles of the R. R. 
Moore High-Speed Fatigue Machine. 
The reduced ends of the plugs were 
threaded to fit the tapped holes in the 
draw bolts in the fatigue machine by 
means of which the tapered plugs were 
pulled firmly in place. The test speci- 
men is shown in Fig. 1. Fig. 2 shows 





the specimen assembled in the machine. 
Under this arrangement. the assembly 
consisting of the stud and a plug en each 
end was stressed as a beam under uni- 
form bending moment and was rotated 
while under load. The fibers of the beam 
passed through cycles of completely re- 
versed stress from tension. to compres- 
sion of equal magnitude in each direc- 
tion. The stud was uniformly stressed 
over its entire length up to the point 
where it entered the plug. Therefore. the 





Fig. 2 
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Fig. 3 


screws and studs 


Form of  Aero-Thread for cap 


test is sensitive to the effects of concen 
tration resulting from the form of the 
thread and the effects of tightness of fit 
at entry into the tapped hole. 

The test studs were fitted into the 
steel plugs with a tight interference fit, 
the thread fit being the same as that 
used for studs fitting into aircraft engine 
parts. These test specimens were pro- 
duced on a screw machine using standard 
die head and chasers so that the charae- 
ter of the threads was the same as is 


High-speed fatigue testing machine in which specimens were stressed as a beam 


under uniform bending moment and while rotating under load 





Table Il—Dimensions of Thread 


Systems 





‘THREADS 


\rro-THREAD SystEM 


RouND THREAD 


NATIONAL Coarse THREAD 





FORM DIAM Roor piAM Roor AREA ‘THREADS Roor DIAM Roor AKEA 
NOMIN AL. DIAMETER PER IN IN IN IN IN IN SQ. IN PER IN IN IN. IN SO N 
ly 20 0.0375 0. 2200 0.0380 20 0.1850 0.0269 
" 18 QO. O4LT 0.2791 0 O61] 18 0.2103 0.0104 
re 16 0.0170 0.3375 0. 0897 16 0.2938 0.06 
7 14 0. 0535 0.3947 0.1225 14 0.3417 0.09 
1. 12 0 0625 0. 1500 0.1590 13 0. 41001 0.12 
+e 12 0 0625 0.5125 0 2067 12 0.4542 0.1600 
a 10 0.0750 0.5650 0.2507 1] 0.5069 0.20 6 
; ) 0.083 0.6835 0.3661 10 0.6201 0.30°0 
—— 
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obtaine’ in service screws. The test 
studs w re made from S.A.E. 3140 steel 


heat-tre ted to Rockwell C-30-34 after 
machin g. 

In the Aero-Thread system of screw 
threads. shown in Fig. 3, a stainless 


steel or bronze wire insert, in the form 
of a helix is screwed into the coarse pitch 
vee thread in the tapped hole and pro- 
vides a smooth hard bearing surface for 
the screw member to engage. The screw 
member employs the new thread form 
s shown in Fig. 3. is a shallow 


which, 
round bottom thread groove. In Fig. 4, 
the wire thread insert is shown in place 
with the screw member engaged in the 
tapped hole. The thread in the tapped 
hole is similar in form but not in size 
to the American National Coarse Screw 
Thread. 

Formed from precision shaped spring 
wire. the Aero-Thread insert has the free 
diameter of the coil sufficiently oversize 
so that it seats firmly in the tapped hole 
when assembled in place because of the 
spring tension exerted by the insert when 
contracted diametrically. 

In Table IL is given a comparison of 
the root diameters and root areas of the 
\ero-Thread and National Coarse Thread 
systems. 

The results of the fatigue tests are 
5 and are summarized in 
lable II]. It is evident from Table TI] 
that the endurance limit of the \ero- 
Thread is 45 per cent higher than the 
endurance limit of the National Coarse 
Thread when expressed in Ib. per sq. in. 
unit stress at the root of the thread. This 


shown in Fig. 
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Fig. 4 ction of joint showing Aero- 

Thread ip screw assembly with special 

coiled e insert 

hl irves plotted from results of fa- 
endurance tests on stud spect- 

“i fero-Threads and with National 


reads 
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Table III—Fatigue Tests on Engaged Screw Fastenings 





ENDURANCE LIMIT 
TYPE OF THREAD ENDURANCE LIMIT BENDING MOMENT 
(5-18 LB. PER SQ. IN nx” IN.-LB 





Aero-Thread 


38,976 0.54 $3.2 


National Coarse Thread 26,879 








*R is endurance limit of threaded piece divided by endurance limit of a plain piece 


18 Aero-Thread over the %e—-18 Na- 
tional Coarse Thread can be determined 


indicates that the effect of the lowet 
stress concentration of the round groove 
in the Aero-Thread 
compared to the stress concentration at 


screw member as from a comparison of the total bending 
moments that each will resist at the en- 
the root of the sharp vee in the National durance limit. These values have been de 
Coarse Thread is to produce an increase termined from the loads applied to the 
of 45 per cent in the fatigue strength. fatigue machine during the test and are 

The average tensile strength of the given in the fourth column of Table III. 
S.A.E. 3140 steel used for the studs is It will be noted that the Aero-Thread is 
about 143.000 Ib. per sq. in. The endur- 2.27 times as strong in resisting fatigue 
ance limit of this steel is about 72.000 loads as the National Coarse Thread. This 
lb. per sq. in. The effect of the stress 


concentration of each type of thread may the 


value represents the real advantage of 
\ero-Thread 


does a comparison 


more accurately than 


be expressed as the ratio of the endur- made on the basis 
ance limit of each to the endurance Jimit of unit stresses because in it is reflected 
of the steel. These ratios have been com- the effects of the lower stress concentra- 
puted and are included in the third col- tion of the reund thread form togethe1 
umn of Table III. The results show that 


the stress concentration or notch effects 


with its greater root diameter. 

During their service life. screw fasten 
of the National Coarse Thread on this ings are often subjected to shock Joads 
steel is to reduce the endurance limit to that must be sustained without failure o1 


without the development ol 


cracks. The 


duced at the root of threads are known 


37 per cent of the normal value for ihe incipient 


steel. whereas the Aero-Thread reduces stress concentrations  pro- 
the endurance limit to 54 per cent of 
the normal value. to greatly reduce the resistance of the 


In service the maximum total bending material to shock or impact loads. Poor 


load repeatedly applied that can be re- shock resistance may be a direct cause 
sisted without failure of the stud is im- of failure or may be an indirect cause 
portant, in addition to the effects of stress resulting from the inception of very fine 
concentration. this will depend upon the cracks which act as nucleii from which 
fatigue cracks grow and spread and ullti- 


failure. 


root diameter of the stud thread. Since 
mately 


the Aero-Thread has the larger root di- cause 
ameter, it should resist the greater bend- In order to determine the practical 


ing load. The relative advantage of the effectiveness of a radius at the root of a 
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thread, tension impact tests were made 
on specimens with a National Coarse 
Thread and an Aero-Thread form. The 
National Coarse Thread specimens were 
made up as studs. one end of which was 
threaded with a 5 16-18 National Coarse 
Thread and screwed into a 17T alumi- 
num alloy plug tapped to receive it. The 
other end of the stud was threaded with 
a '%-20 thread to engage the fitting in 
the impact machine. Another set of studs 
were prepared with a °%x,-16 National 
Coarse Thread on the test end. Aero- 
Thread specimens were also prepared 
in a similar manner for both sizes and 
plugs were tapped and fitted with the 
wire insert. 

These tests were carried out on a 
Riehle pendulum type impact testing 
machine. The %-in. end of the stud was 
screwed into a fitting in the back of the 
pendulum head. and the other end was 
screwed into the aluminum plug which 
was held in the cross bar by means of 
a special adapter fitting. The cross bar 
strikes the arresting blocks at the base 
of the hammer when it reaches the bot- 
tom of its swing and thus transmits ihe 
energy of the falling pendulum to the 
stud. The method of test is illustrated 
in Fig. 6 which shows the pendulum 
approaching the bottom of its fall. With 
this arrangement it was possible to break 
the stud in tension with a single blow, 
the energy of which was accurately 
measured by the machine. 

The results of the impact tests are 
recorded in Tables IV and V. The re- 
sults shown in these tables indicate that 
the resistance of the Aero-Thread_ to 
impact is two to three times greater than 
that of the National Coarse Thread. It 
is notable that the tension tests included 
in this table show a relatively smaller 
difference between the = static strength 
of the two types of thread. The varia- 
tion in hardness has little effect upon 
the impact resistance of the National 
Coarse Thread but has considerable ef- 
fect upon the Aero-Thread. This is prob- 
ably because of the high concentration 
of stress set up by the sharp threads of 
the National Coarse form which have 
reduced the impact resistance to such a 
great extent that the material is only 
slightly sensitive to changes in hardness 
within the range tested. The absence of 
such high stress concentrations at the 
base of the round root thread permits that 
area of the stud to respond more readily 
to strengthening of the material by heat- 
treatment. 

Examination of the fracture of these 
specimens shown in Figs. 7 and 8 indi- 
cate clearly that the failures of the 
National Thread screw member caused 
considerable damage to the threads in 
the plug and rendered it unfit for fur- 
ther use. The failure of a standard stud 
in an aluminum crankcase has often 
resulted in the loss of the crankcase 








Fig. 6—Pendulum type impact testing machine showing mest stud specimen screwed int 
back of pendulum head, cross bar with adapter fitting is fastened to end of stud 








Fig. 7—Fr 
shown in 





Fig. 8—| 


shown in 





Table IV—Tensile Strength and Tension Impact-Work 
S.A.E. 3140 Steel Heat-Treated to Various Hardnesses 





Y.-18 AbRO-THREAD 


ps-18 NATIONAL 


NC) Tureap 





RocKWELL STATIC TENSION ROCKWELL STATIC ‘TENSION 

HARDNESS TENSILE IMPACT HARDNESS TENSILE IMPACT 

( SCALE STRENGTH WORK ( SCALE STRENGTH WORK 

SPECIMEN NUMBER LB. FT.-LB. LB. FT.-LB 
I-A 10 U3. 225 74 39 Pa lest 29 
2-A 11 13,260 io 39 12,265 3 
3-A 10 13,430 aa 39 12.525 29 
1-A 39 13,420 81 10 12,210 s2 
Average 10 13,300 76 39 12,300 5] 
1-B 36 11,365 5 34 10,145 32 
»_B 36 11,330 78 33 10,075 24 
3-B ao 11,445 ‘ba 36 10,870 28 
1-B 36 11,755 83 7 10,175 51 
Average 36 11,500 ta 35 10,300 A!) 
1-C 27 9 015 102 28 8,435 8 
ox. 28 9 375 112 28 8,285 0 
3-C 27 9 400 114 27 3.375 6 
® 28 9.319 97 28 8.500 6 
Average 27 9 300 106 238 8.400 6 
i-—D 28 9 250 cS 25 8,180 7 
-D. 26 9,170 110 27 oye 2 
3-D. 2a 8,965 93 21 7,780 2 
bP. 28 8.835 89 28 7,785 0) 
Average 27 9.100 101 27 7.900 "4 

—— 
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Fractures of specimens that failed under static tension, 
shown in upper row, standard thread samples in lower rou 
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Table V—Tensile Strength and Tension-Impact Work 
S.A.E. 3110 Steel Heat-Treated to Various Hardnesses 





SPECIMEN NUMBER 


».-16 AgbRo-THREAD 


STATIC 
rENSILI 
STRENGTH 

LB. 


3-160 NATIONAT 


NC 


STATIC 
rENSILI 
STRENGTH 
LB 


THREAD 


TENSION 
IMPACT 
WORK 
FT.-LB 





oO 
oO, 


19,120 
19.915 
19.415 


19 


16, 
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because of irreparable damage to the 
threads in the tapped hole. Failure of 
the Aero-Thread screws did not caust 
any damage to the threads in the plug 
because these threads were protected by 
the wire insert. The insert permits rela- 
tive movement between the threads on 
the screw and those in the tapped hole 
by twisting, deforming. or distorting. 
Any damage that may be done to the 
wire insert is of no consequence since 
the insert is readily replaceable. Figs. 
7 and 8 illustrate how the wire insert 
protects the threads in the tapped hole. 

In the heat-treatment of steel parts 

containing sharp corners, grooves ot 
notches. there is always danger of pro- 
ducing hardening cracks which are prac 

tically certain to lead to failure. This is 
generally recognized as evidenced by ihe 
extreme care exercised in the heat- 
treatment of parts containing threads. 
holes, splines. serrations. kKeyways. geai 
teeth and numerous other forms. that 
impart sudden changes in sections which 
operate to promote non-uniform heating 
and cooling during heat-treatment. The 
presence of a radius or fillet at the root 
of a thread such as is obtained on a 
Whitworth thread greatly reduces the 
tendency to crack during heat-treatment. 
The much larger radius employed on 
the screw member of the Aero-Thread is 
still more effective in eliminating hard 
ening cracks, 

Visual examination for cracks at the 
root of a sharp vee thread is extremely 
difficult because cracks can hardly be 
distinguished from the sharp line formed 
by the bottom of the vee. More recently 
the Magnaflux test has been applied for 
this purpose since it normally accentu 
ates the appearance of a crack and would 
be expected to simplify the detection of 
eracks under such = difheult) conditions. 
The Magnaflux method has not been en 
tirely satisfactory because a sharp indica 
tion appears at the root of the thread 
due to polar effects set up at the sharp 
vee groove and makes it extremely dif- 
ficult to distinguish any indication of a 
crack at the root of the thread. The 
radius at the root of the Whitworth 
thread is not sufficient to overcome polar 
effects. The rounded form of the thread 
on the screw member of the Aero-Thread 
system reduces polar effects to the extent 
that the detection of cracks offers no 
difheulty. The minimizing of the tend- 
ency to crack in hardening and_ the 
possibility of readily detecting cracks, 
if present. add considerably to the relia 
bility of these parts in service. 

The author. Mr. R. R. Moore. is 
Senior Metallurgist. Naval Aireraft Fa 
tory. Philadelphia. Pa.: however, the 
Opinions or assertions contained herein 
are the private ones of the writer and 
are not to be construed as official o1 
reflecting the views of the Navy Depart 
ment or the Naval Service at large. 
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Greenlee Six-Spindle Automatic Screw Machine 


Forming slide ame 2 Electric controls 





& } GREENLEE — a 








Parry . 


paneled ave | "Food ora ae Speed cha 


——— whl 2 54: Terre Meg case gear case 
eS 5 eer. care ~— A = eee ae eee re ve 3 f Md ae 


Reve 
ball 
stant. 
whic! 
when 
ing a 
crank 


moves 
Stock 
index 
direc tl 
statior 
made 
being 
work. 
worki! 
the id 
quired 
feed 0 


Tool 
Slide 


Machine bed is a single. heavy-ribbed gear box. spindle carrier housing. and the machine. A set up light is provided 


casting of iron containing 35 to 40° per other parts. A standard 1.800) r.p.m. in the over-arm. The coolant system } 


cent steel scrap. Large. rectangular bear- motor drives the gear trains: all elec- built-in, piping and flexible hose 


being 


Ing surfaces provide rigid support for tric controls are erouped at one end ot eliminated by cored passages in « istings 
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Reveiving stock tubes, mounted on 
ball | carings, are equipped with an in- Stock 
stantaneous, spring-loaded release latch 


Split collars hold Safety 
pipes stock bushings 


which) permits operator to slide tool back 
when reloading spindles. When chang: 
ing all six stock pusher tubes. a hand 
erank and rack and pinion mechanism 
moves the stock rack out of the way. 
Stock is fed while the spindle carrier is 
indexing. Stock stop is in the tool slide 
directly under spindle drive shaft and is 
stationary at all times. Adjustment is 
made on the stock stop rod, ample room 
being provided for various lengths of 
work. This makes possible the use of end 
working tools in all positions, reduces 
the idle cycle since no extra time is re- 
quired to move the stop in place and 
feed out stock before indexing. 
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| shoe change 
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Gear box is built in unit assemblies. 
pac all gears Top unit is a universal drive for thread 
ing. tapping. reaming and high speed 
attachments. Center change-gear unit 
carries entire machine drive. Lower unit 
contains main clutch shaft. at the end of 
which is a high speed gear directly 
driven by a pinion on the motor shaft. 


Disk Clutch shaft is mounted on three bear 


ad clutches : : 4 ‘ ings. Main clutch is next to the high 
Ras ‘ ’ speed gear and serves as both clutch and 

. : by Bosses hold lt lag mahi aaa sc + 
; a feed gears rane, Is oO yreeniee design. ane las 


large-diameter, narrow-width steel plates 
running in oil. A safety overload cluteh 


mounted on the same shaft throws out 


High-speed gear 





against spring pressure. Thus no shear 
pins are used. thereby eliminating down- 
Main clutch shatt time otherwise required to replace them 
ided Feed worm —. Sa ‘ . (Continued on next page) 
m Is ? 
eing 
ings 


Independent operation for each 
slide 
which control the forward and return 
movements. Forming slide cams are 


s provided by individual cams 


mounted on two shafts on either side of 
the machine and parallel with the bed. 
Cam « nstruction and method of attach- 
ment to the shaft is shown in the illus- 


tration. Each cam transmits motion to its 


lide through a lever and block con- Cae — 
hected to a stud that is part of the form- 


ge Sliding 
ng side. A tension spring holds the collar 
roller the lever firmly against the face 


ff ‘ with 
of the cam to assure smooth. even feed. ar ‘ y 

Spl es are supported on double op- Taper pins hold : : - , 
posed |imken bearings. with drive gear collar 17 place ; he 
meun between bearings to minimize f 4 te 
deflect 1 under heavy load. End thrust af PD a 
istake by the front bearings. the outer . ‘i : 


Forming cams 
races which are locked tightly in the g 


arrier. Quter races of rear bear- 





spind 


ings ‘ 





tree to move endwise. 
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cross slides have duplicate tool cavities 


Modern Designs=—Greenlee Automatic (Continued) 


Cross-slide 
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* 


“a | ater Wad 
ae ve 


Coolant adjustment valve 








lubrication line 


Threading and . 
reaming cams, Cams contro/ 
covered forming slides 


see 


i ~ 


Coolant 





i x 
B. 


Treck: 
miller | 
evele 
motor fn 
spind|: 
r.p.m 


Tool slide through 


box. Col 
fins add 
cooling 
chine tt 
umn. a 


automal 











knee. \ 
sump in 
through 
of tabl 
ing tube 
Hydra 
feed an 
table 
the spit 
control 
short. + 
Casting 
Six independent, heat-treated stcel ated by micrometer adjusting screws. forged-steel forming slides are provide Provisi 
The positive Compensating stops are in- with coolant outlets for each position s stroke 

flexibility in inter- dexed by the spindle carrier and are pro- that only short outlet pipes are neces actuate 

changing tool holders. Tool cavities are tected against inaccuracies caused by sary to carry the coolant directly to the 
equipped with adjustable wedges actu- chips or foreign matter. heavy. work, Usual piping is eliminated -—o 

and stock feeding shaft. No springs are used in feeding the rotates gives a smooth and positive stock 

actuated by = eams stock since the angle of cams to- feed. Detachable strip cams mounted 6 

on the rear cam gether with the speed at which the drum the drum determine amount of feed. 
Sight feed in spindle Spring relief on stock 


feed shoe 





Stock advance 
lever 


Cam drum, removeb 
Strips control approximate 
length of stock feed 
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Feed, Rapid Traverse. Table Reversal Hydraulic 


UIT for rapid production milling 
of small parts. the Kearney and 
Trecker No. 1H swivel-head — vertical 


miller has hydraulic control of the work 


Table feed and 
> power rapid traverse 
2 





evele. Power is furnished by a 3 hp. 
motor housed in rear column. Optional 
spind|: speeds range from 35 to 2.400 
rpm.; access to pick-off gears is 
through sliding cover on front of control 
hox. Control box is of cast iron: integral 
fins add rigidity and provide additional 
cooling surface for hydraulic oil. Ma- _ 
chine features include a solid-back col- ; ae Spindle stop 
umn. a cross-mounted motor and_ full- selector 
automatic lubrication in) column and | 
knee. \ gear pump supplies coolant from 
sump in the machine base. Coolant drains Flexible 
through screens in troughs at each end hose 

of table and flows through steel telescop- 
ing tubes to sump. 








Hydraulie ecireuit} which controls 


Lubricant 
sight gage 


feed and rapid traverse motions of ihe 
table as well as automatic stop-start of 
the spindle. is compactly housed in’ the 
control box. Oil passages are mostly 


short. drilled) openings in) control box 

























































casting: tubing is kept to a minimum. 
ide Provision is made for cut on return elescooing tubes- 
n st stroke if desired. Dogs on sliding table roolon? aaa Hydraulic con- 
pces actuate hydraulic valves. tro/ housing 
the 
a/ve 300/b./sq.in 
— Development of startir 
Po fof | 4°| va/ve shown in start position 
KeNE yy iC move 45° to left to stop spindle, 
LOCK ey Ji outomatic spindle stop engaged 
001b/ AF 
d al 5g. ‘) Y ON en ed } 
t = » P 
ear — Rapia 
mp ” Axis of Relief va trave/ 
va/veE (00 1b./sq.i7n. a 
/ + of ot vi / / Lb 1 | @) ) 
Veve/opimen?ry of sTarrisig va/ve, va/ve S/rowrs? eet 











in stop position move 45° for ght to start 
spindle, automatic spindle stop off 





Automatic spindle stop . 





Spindle contro! valve 
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td return 





Stop Start 
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To lubrication ey 
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Gear 
pump 





Rapid traverse 


~Clutch” 
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100 Ton Compressor Requires Third of Usual Space 





RIVING motor and all moving parts 

are totally inclosed in machine 
frame in the new 100 ton, hermetically 
sealed air-conditioning compressor re- 
cently developed by Westinghouse. 
Compact design was achieved in the 
16 cylinder 90-deg. V-type compressor 
by mounting the rotor of the 100 hp. 
1150 r.p.m. motor on the crankshaft 
extension, and utilizing the return re- 
frigerant gas to cool the motor. Com- 
pressor requires only 21. sq.ft. of floor 
space and may be located in any avail- 
able space without regard for adequate 
ventilation to carry off motor heat losses. 
In addition, use of the suction gas im- 
proves cooling, simplifies design, and at 
high atmospheric temperatures prevents 
the motor from overheating and tripping 
off the line; this is an important advan- 
tage in air conditioning installations 
since at high temperatures compressor 
power is most needed. Reed type valves 
and newly designed freon gas manifolds 
reduce friction losses. As a result, com- 
pressor is 12 per cent more efficient than 
previous totally inclosed designs. Reed- 
type valves are punched from = special 
0.015 in. Swedish spring steel. Each 
valve plate contains inlet and discharge 
valves and all port spacers and gaskets 
for two cylinders. Frame is nickel iron 


casting. Bolts are chrome-vanadium steel. 
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"100 hp. totally inclosed 
motor, cooled by gaseous 











“Oi! strainer 





refrigerant 








Oil is furnished through a Tuthill re- 
versible pump at 40 Ib. per sq.in. pres- 
sure. In case of phase reversal, oil 


pressure will not fail. Pump is driven 
by spiral gears off crankshaft; the driven 
gear is bronze, driving gear hardened 


steel. Pressure relief valve maintains 
constant oil pressure regardless of vary- 
ing viscosity at different temperatures. 
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Evaporator~. Expansion va/ve-~ 
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6/° dry bulb 
59° wet bulb 
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Contro/ bulb--- 








Air 
84° ory bulb 
74° wet bulb 


Distributor tubes- 





Suction lines 
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Strainer- 





,/ Compressor 
































Te OS * al al 
Discharge ho 
valves — 37#/a”" gage 
+ ‘3. 
Liquid line----~ 
200 °F 
100#/o0 ” - 
; O// ~ 
ee, : - is Suction valves 
ve J r SU 
¥ Pines 
Oi/---- ** Suction gage valve 
ae go 


Water 


——pe 

outlet 
95 °F 
-—- Water 


--Water tubes 






/ 
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Liquid shut-off 


va/ve 


Condenser 





SS . . 
>t Mixture oT Liquids 


C] Low pressure | High pressure s Liguidl Freon ie Mixture of liquid 


Freon gas Freon gas and gas 











\ 
y Typical operating cyele shown sche- stator windings, through rotor and then pregnated with a special phenolic resin 
* matically. Suction gas enters through through a special manifold to the cyl- impervious to freon gas. Inclosed motor 


end bell of motor, circulates around inder heads. Stator windings are im- eliminates shaft seals and maintenance. 


November, 1939 








486 





Fig. 1. 


Hollou 








Cerro de Pasco Copper Corporation 


ball with tube branches electroformed in copper: at right is the fusible metal form before electroplating 


KLECTROFORMING 


LECTROFORMING is) the term 

used by electro-chemists to desig- 

nate the art or science of forming 
metallic products by electrochemically 
depositing metal on a mold. and then 
after the desired thickness of metal has 
been attained, of removing the mold from 
the metallic product. By this process. 
metallic products of peculiar or irregular 
shapes. as well as dies. molds and tools 
can be made for producing other metallic. 
plastic and composition products. 

From a metallic or wood pattern of 
the desired part. a reverse plaster cast 
can be made to serve as a mold in which 
te cast rubber or fusible metal. Copper. 
iron or other metal is then electrolytically 
deposited onto the rubber or fusible 
After building up the de- 
sired thickness of deposited metal the 


metal casting. 


rubber or fusible metal casting is re- 
moved, leaving a shell of metal that is 
an exact counterpart of the original. 

Nonshrinking and excellent casting 
properties are possessed by rubber and 
fusible metal so that every detail on the 
surface of the mold can be reproduced. 
Duplicates of the original are so exact 
that 7.000 lines to the linear inch can be 
reproduced with perfect fidelity. 

There are two distinct methods em- 
ployed to produce the master mold on 
which the metal is to be electrolytically 


deposited. In one method, used when the 


SAMUEL WEIN 
Consultant 


material of which the mold is made is 
not an electrical conductor, the surface of 
the mold is coated with an electrical con- 
ducting material in various ways: silver 
or other metal may be chemically pre- 
cipitated on the surface of the mold. 
graphite or a mixture of graphite with 
silver may be rubbed over the surface. or 
a film of metallic powder such as copper 
held in suspension in a vehicle of shellac 
or other similar compound is applied over 
the surface. Sometimes graphite or metal- 
lic powder is mixed with plastic rubbet 
to obtain a conducting material that can 
be molded into the desired shape. All of 
these processes have practical limitations 
in that the electrical conducting medium 
is poor at best, and further. the thickness 
of metal that can be deposited on such 


surfaces is limited because of poor ad- 
hesion caused by lack of 
rigidity of the form. 
Another method for making mastet 
molds is to cast them of a fusible metal. 


mechanical 


These metals can be poured around a 
pattern or into a plaster mold at com- 
paratively low temperatures. An impor- 
tant advantage is that this kind of metal 
mold is an excellent electrical conductor 
so that metal will deposit in a_uni- 
form thickness. Fusible metal molds also 
have better mechanical rigidity than rub- 
ber, gutta percha or wax molds. 

For the production of a cast or a re- 
verse mold, in which to produce the 
fusible metal mold, “Plaster of Paris.” 
(CaSO,) can be used. An important 
factor affecting the working quality of 

















Fig. 2 Filter screens of 180 mesh 
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made in copper by an electroforming process 
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Fig. 3 





plaster mixtures is the proportion of 

water to plaster in the mix. Variations 
$. in the amount of these compounds will 
of course give rise to variations in the 
tensile strength of the castings as well as 
in the finish. 





Experience has shown that an excel- 
lent mixture can be obtained with 
100 Ib. 
17.5 lb. 


Plaster 


+ Water 


If mixing is continued by hand or with 

a mechanical mixer to the point where 
the plaster “draws” or begins to change 
from a fluid to a creamy plastic mass, the 
compressive strength of the castings 
made from the mix. will be from 15 to 

14 higher than the compressive strength 

4. of castings made from a mix which is 
poured as soon as the plaster and the 

water are incorporated together. In hand 

mixes, it is advisable to 
plaster to soak or 


permit the 
blend for several 
minutes before mixing in order to give 


Pond giht 


¥ : ts ue ica 2 Se ; 
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Plaster of Paris pattern and cast in which to mold fusible metal that can be 
subsequently electroplated to form a hard metal embossing die 


the occluded air a chance to free itself 
from the mass. With a machine mix. the 
time required for soaking is only that 
which is necessary to permit the plaster 
to become wetted throughout. 

After the mix is prepared, castings can 
be made by pouring the mix onto a well 
greased mold = surface. For ordinary 
plaster, the period of the time from mix- 
ing the plaster with water until the 
casting may be handled safely will vary 
from 25 to 40 min. It has been found 
that small amounts of mineral acids, such 
as hydrochloric acid will accelerate the 
solubility. 
Common salt acts as an accelerator in 
small 


setting time by increasing 


quantities; however, in large 
quantities common salt acts as a retarder. 
Potassium sulphate is a safe accelerator. 

When the mix has set, the plaster cast- 
ing is separated from the mold, allowed 
to dry in the air for at least an hour and 
then put in a drying oven having a tem- 
perature slightly higher than the room. 
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1. J. Tuck Company 
Electroformed copper mold for making paper boxes with 12 cup shaped cavities 
in bottom, pattern used for electro-depositing is shown at right 
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If the temperature is too high, an uneven 
contraction of the casting will take place. 

If the plaster casting is small, duplicat- 
ing it in fusible metal is easy. If the 
mold is large, it is well that it first be 
slightly warmed, so as to avoid possible 
chilling of the fusible metal as it strikes 
the cold surface, for if this is not done. 
loss of fine detail in the replica will 
result therefrom. 

To be technically exact a metal o1 
alloy, in order that it be classified as a 
“fusible metal” should have a melting 
point less than 350 deg. F. Technical 
literature is replete with references tah’ 
ing various combinations of metals hav 
ing melting points below 350 deg. and 
the proportions thereof. 

The metals, with their melting points, 
used in making fusible alloys are: 


Metral 


Antimony 630 de 
Lead 30 de 
1 de 
1 deg 
2 deg. 


MELTING POIN1 


7 


hs 


Cadmium 


7 


5 
Bismuth 2 
Tin 2 
The common fusible alloy known as 
“Wood's metal” was patented in 1860. 
This formula has since been modified 
and is now quoted as being made up of 


MeETAI PARTS 
Lead 25.0 
Cadmium 12.5 
Bismuth 50.0 
Tin 25 


\ commercial form of fusible metal 


known as “Cerrobase,” has a_ melting 


point of 255 deg. F.. it is made up of 


Mera PARTS 
Lead 55.5 
Bismuth 14.5 


\ comprehensive list of selected fusible 
metals is given in Table | which was 
compiled by Mr. W. E. Smith, of Cerro 
de Pasco Copper Company. 

There are no special instructions with 
regards to making castings of fusible 
metals in the plaster casts, other than to 
use ordinary good judgment. A_ few 
suggestions, however, are in order. (a) 
The plaster cast must be dry. (6) The 
temperature of the molten metal must of 
necessity be sufficiently high so that it 
will not readily chill or harden when it 
strikes the plaster. (c) If the plaster 
casts are large in area it is well that they 
be slightly warmed, in order to avoid 
fusible 
(d) Slight greasing of the plaster casts 


chilling of the molten metal. 
effects ease of separation between the 
plaster cast and the hard metal after it 
has set. (e) In order to reproduce the 
finer details of a plaster cast, use may be 
made of a “gun” to spray molten fusible 
metal against the greased plaster cast. 
If these simple precautions are observed, 
several castings in molten fusible metal 
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Fig. 5 


may be made from a single plaster cast. 
Fusible metal castings can be electro- 
formed in copper in a bath consisting of 


Copper sulphate 26-34 oz. 
Sulphuric acid 7-11 oz. 
Water | gal. 


The density of this electrolyte at 77 to 
86 deg. F. should be 21 to 22 deg. Be. 
1.17 to 1.18). The best results 


are had with a current density of between 


(sp. gr. 


10 to 90 amp. per sq.ft. of plating sur- 
face. It is advisable to thoroughly agitate 
the electrolyte while electroforming. 
The duPont Company has 
recently developed copper compounds by 
means of which at least four times the 
amount of copper in a given time can be 
deposited than with the use of cyanide 


Chemical 


baths. This rapid deposition of copper is 
made possible because of high cathode 
efhciency and the use of a higher cathode 
currrent density. The deposits are uni- 
formly bright, free from pits and other 
imperfections. As a typical illustration. 
deposits of 0.001 in. to 0.003 in. can be 
had in 10 to 20 min. 
constant 


\ typical solution 
filtration is available. 
the duPont 
Company consists of 


where 


recommended — by Chemical 


“High speed copper” salt) 2% Ib. 


du Pont’s RH-556 salt O.1 oz. 
Caustic soda | OZ. 
Water l gal, 


(A) Electroformed die and force for molding wall bracket plaques. 


Where no filtration is available. the same 
formula is recommended with the addi- 
tion of 


RH-546 salt 1.5 oz. 


\ specially prepared anode is sug- 
gested with the fast copper salts. 

The recommended current density is 
up to 25 amp. per sq.ft. of anode surface. 
The applied e.m.f. is between 1.5 to 3 
volts. Between 70 and 80 deg. C. (158 to 
176 deg. F.) is the recommended. 

After the fusible metal form has been 
in either of baths long 
enough to receive a deposit of desired 
thickness. the form with the copper shell 
is placed in a suitable vessel containing 
boiling water or high flash point oil to 
melt out the fusible metal. 


these copper 


It is obvious of course that the surface 
of the copper may be finished in any suit- 
able metal such as nickel or chromium. 
or oxidized to give it fancy coloring ef- 
fects. and subsequently lacquered to suit 
the appearance desired. 

When the fusible metal mold is flat 
with slight relief here and there. with no 
undercuts, the mold can be used to make 
a great number of duplicates. by dipping 
the mold in a 10 
sodium sulphide for a minute. rinsing in 
running cold and putting the 
mold back into the electroforming bath. 


per cent solution of 
water, 


\ solution for depositing metallic iron 


1. J. Tuck Company 
(B) Eleciroformed decorative inlay with master mold 


that has been 
found to give satisfactory results. can be 


made up of 


on fusible metal molds. 


Ferrous chloride 10 oz. 
Calcium chloride 25 oz. 
Water 1 gal. 


The specific gravity of this solution is 
29-33 Bé. and the pH is 1.8 electrometric. 
The pH is adjusted by adding hydro- 
chlorie acid. The temperature is 185 to 
210 deg. F. and the currrent density 50 
to 100 amp. per sq.ft. of plating surface. 
at 3 to 4 volts. 
recommended 


Armco iron anodes are 
with this solution. The 
anodes should be placed in asbestos bags. 
The tank should be earthen-ware or rub- 
ber lined steel. 

The iron shell after it has been formed 
can be case hardened and backed up with 
a thick plate of steel in order to serve as 
a die or similar tool. 

Some of the products that are made by 
the electroforming process are seamless 
tanks, jointless radiators. parabolic re- 
flectors. hollow flat ware. statues, phono- 
graph records. and sieves of fine mesh 
up to 400 per linear in.: molds for glass. 
ceramics. rubber. hot water bottles. tires. 
plastics. candies, foodstuffs, soaps and 
candles: artificial reproduction of wood 
and leather grain surfaces: dies for em- 
bossing and for 


die-casting: printing 


plates for engravings and rulings. 


Table I—Selected Listing of Fusible Metals 





FLow Composition PER CENT FLOW Composition PER CENT 
Fane CEN1 Bismuetu Leap TIN CapMIUM OTHERS AHR. Centr. Bismuru Leap TIN CapMIUM OTHERS 
116.6 17 12.34 22 86 11.00 %. 16 15.34-In 217.4 103 50.10 33.30 16.60 
140 60 35.60 19.10 15. 30-Hg 22) 105 0 O00 10.00 20.00 bee 
1160.4 63 12.80 22 .80 11. 10 $50 14. 50-Hg 222.8 106 is OO 28.50 141.50 9 0-Sb 
119 65 15.10 24.00 12.00 9 10 9 $0-Hey 226.8 108 10.70 27 90) 31.40 
150.8 66 53.50 17.00 19 00 10. 50-Hg 230 110 36.50 36.50 a 6° 
150.8 66 19 30 26.30 13.20 9 80 1 10-Ga 231.8 111 50.00 12.50 37.50 
154.4 68 {7.50 25.40 12.60 9 50 5. 0-Hy 233.6 112 at. 10 13.60 1.00 1.00 
158 TO 50.00 27.00 13.00 10.00 210.8 116 33..34 33.33 33.33 
161.6 72 50.00 34.50 9 30 6.20 : 2416.2 119 9.00 11.00 1.00 
161.6 t2 412.50 ae. 40 11.30 8.50 Pee 299.2 124 55.50 11.50 i 
170.6 Le 15.30 17.90 24.50 12.30 258.8 126 51.90 13.10 2.0-Sb 
172.4 78 38.40 30.80 15.40 15.10 aie 258.8 126 50.59 12.41 1.0-Sb 
186.8 86 35.30 35.10 20210 9 50 60 6 27 28.50 13.00 28.50 
196.7 9] 51.60 10.20 8.20 2iD 135 58.00 12.00 
204.8 96 52.50 32.00 15.50 275 is 57.40 1.00 11.60 
2041-8 96 50.00 25.00 25.00 289 1 143 60.00 10.00 
204.8 96 16.12 19 66 34.22 302 150 16.00 36.00 18.00 
212 100 di.20 17.80 25.00 320 160 10 20 11 00 18. 80 
4 ae 103 39 30 od.20 fe ; 345.2 174 72.00 28.00 
217.4 103 50.00 25.00 2500 oo 357.8 18 32.00 08 00 
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CAPACITOR MOTORS—I 


Performance Characteristics of Standard Types 


URING the past ten years there 
has been a rapid development 
and a widespread use of a new 

type of single-phase induction motor 
known as the capacitor or condenser-start 
motor. Although the principle on which 
the motor operates was understood for 
about forty years. commercial feasibility 
awaited the development of a cheap 
sturdy condenser of reduced bulk. which 
was required as an auxiliary device. 

The chief advantage of this motor rests 
in its unusually high starting torque 
without excessive starting current. Or, 
expressing starting torque in “ounce- 
feet” (pressure in ounces measured on a 
brake arm of one foot radius) the oz.-ft. 
per amp. of starting current is excep- 
tionally high. Some emphasis should be 
placed on this ratio, for on many appli- 
cations it is an important characteristic. 

The reason for the rapid adoption of 
this type of motor can be seen from the 


T. Cc. LEO 


Chief Engineer, Robbins and Myers, Inc. 


accompanying descriptions and perform- 
ance curves of single-phase motor types. 
Considering the relative starting charac- 
teristics of previously available motors, 
a large gap existed between the per- 
formance expected of the split-phase mo- 
tor and the repulsion-start induction-run 
designs. The characteristics of the con- 
denser start motor fit into this gap. 

All of these motor types are widely 
used on commercial and domestic appli- 
cations, as well as in the industrial field. 
Any motor at the instant of starting. 
draws an abnormally large current from 
its supply lines. From a practical stand- 
point this is limited by the wiring and 
fuse protection of the domestic circuit. 
Excessive rush of current for motor 
starting may also result in noticeable 
lamp flicker. For these reasons manufac- 
turer's associations. power Companies, or 
motor buyers are interested in settting 
limits of starting current for various 


sizes and types of motor. It is no problem 
for an engineer in designing these frac- 
tional horsepower motors to proportion 
the windings so that the starting current 
is kept to these definite limits. But when 
the load on the motor is such that a large 
starting torque is required then the prob- 
lem becomes one of obtaining sufficient 
starting torque without exceeding the 
current limitations. Under these circum- 
stances, starting torque per amp. is an 
important characteristic. 

The true single-phase induction motor 
suffers the disadvantage of having no 
starting torque. That is, when connected 
to its supply line it will remain station- 
ary, taking an excessive current from the 
line; if left on the motor will overheat. 
If the motor is not connected to too large 
a mechanical load it will start and run 
satisfactorily if given a slight spin. 

Such an arrangement is of little practi- 
cal use and hence auxiliary means are 
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Q 1500} +> | 
| Shaded pole motor \ | 


Yo5 hp., 600 r.p.m. 


Shading co// 4400 











. | Start. torque 0.688 oz.-ft. 
a | Max. torque 3.063 oz.-ft. 


Start. amp. 2.65 | 


Shaded Pole Motors. Smallest of all of the single phase 
induction motors is the shaded pole type. Connected to an a.c. 
source, its concentrated windings build up magnetic fields which 
pulsate between the poles, but have no tendency to start the 
squirrel cage rotor. The addition of the copper strap shading 
coil, shown on the edge of the poles, gives a slight shift to the 
magnetic field. This shift is great enough to start the rotor. Once 
turning, the current induced in the rotor bars reacts on the mag- 
netic field of the poles in such a way as to produce torque. The 
shading coil is not necessary for normal running performance. 
The lack of any centrifugal switch and the use of concentrated 
windings reduces the cost of such a design. 

Starting torque is always comparatively small and limits the 
field of application of these motors. Usual horsepower ratings 
are from 1/200 to 1/20. On ratings of about 1/100 hp. the 
starting torque in oz.-ft. per amp. of starting current is about 
0.15; this may increase to about 0.4 for 1 20 hp. ratings. These 
are for 2 and 4 pole motors. Six pole ratings may run as high 
as 0.65 oz.-ft. per amp. of starting current. These ratios are all 
calculated on 110 volts applied. Reversal of rotation can only be 
obtained by shading coils on the opposite edges of the poles. 
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always provided for starting. Because of 
the importance of the starting methods. 
they have come to identify the motor type. 
such as the shaded-pole. the ordinary 
split-phase. the capacitor or condenser 
start. and the repulsion start. These are 
listed in the order of the relative sizes in 
which they are usually available. and the 
strength of their starting effort. 
Although the running operation of the 
shaded pole motor is interfered with by 
the shading coil used on the pole edge. 
all of the other types. once they are up 
to speed. could have identical perform- 
That is. 


the reaction of the stationary main wind- 


ance. operation depends upon 
ing and the squirrel cage rotor. In the 
case of the repulsion-start induction run 
motor, the retor has a winding and com- 
mutator like a d.e. Yet 
this commutator is short. cir- 
cuited, giving an effect which is equiva- 


machine. when 


running. 


lent to a squirrel cage design. Hence as 
stated of these latter 
types could have exactly equivalent run- 
ning performance. although it is not al- 
ways feasible to design them that way. 
The above data. and the tabulated ex- 
planation of motor types identifies the 


previously any 


“family” of motors of which the capaci- 


tor-start machine is a member. But in 
addition there are other types of motors 
employing condensers for starting or run- 
ning operation, These embody special 


arrangements which will be described. 


Delay 
pacitor start motor was occasioned by the 
fact that all early experimental work in 
this field proved what has been borne 
out many times since: To obtain sufficient 


in the development of the ea- 


starting torque. large condensers of high 
microfarad capacity were necessary. The 
ordinary type of foil-paper oil-immersed 
several 


available would be 


times as bulky 


condensers 
as the motor. and were 
entirely too expensive for practical use. 
The development of the electrolytic con- 
denser changed this picture completely. 
By continued research in this field, con- 
denser manufacturers have now put 89 
mfd. in a can which would formerly hold 
only 4 mfd. Yet such electrolytic con- 
densers have properties of their own. 
differing from the so-called oil type. and 
which required that they be applied in- 
telligently. The chief drawback rests in 
their lack of continuous service rating. 
This point must be stressed. An electro- 
lytic type of condenser used for starting 
duty is usually guaranteed for only 20 
periods of operation per hr. Each period 
should not continue for more than 3 sec. 
For many applications, as a_ starting 
this limitation is satisfactory. 
But where it is not. it has led to the use 


device, 


of special schemes embodying two con- 
densers (one for starting, and one for 
running) or the use of transformers with 
the more usual type of oil condensers. 


Furthermore the — electrolytic 





denser. like every other type. is rated in 
volts. The rated voltage of the electro- 
lytic condenser depends upon the volt 
age at which the oxide film forms on the 
aluminum plates making up the 
electrodes. Guarantees are 
per cent 


active 
usually for 25 
overvoltage for the 110 volt 
ratings and 10 per cent overvoltage for 
those rated higher. Neglect of these lim- 
its shortens the life of the condenser. 
Several manufacturers of 


years ago 


electrolytic their 
rating methods from a nominal capacity 
with limits. to a double capacity. Thus 
instead of rating at say 80 mfd. a rating 
of 72-87 is now customary. 


capacitors changed 


To show the usual capacity of 
densers required for 


con- 
general purpose, 
capacitor start motors. sizes. ratings and 
tabulated in Table I. 
Shown in the last column of this table 
are the approximate dimensions of the 
condensers if the oil type had to be used. 
Comparative bulk strikingly illustrates 
the importance of the electrolytic con- 
denser developments. 


dimensions are 


The permanent split capacitor motor 
represents an attempt to operate a poly- 
phase motor from a single phase (two 
wire) source. Its best be 


understood by comparison with a two- 


action can 
phase motor. Usual operation of a poly- 
phase motor involves no special start- 
ing problems. Connected to its supply it 

























































con- starts with considerable torque. accele- 
IK 
D | ~- 
SS — | 
gd Rotor £ + 
Supply = S a on 
~ 1700 = 
! = Nits 1650 
QQ . : , ee Centrifuga/ | 
| Start winding switch | Split- phase motor L | 
Y4 hp., |,740 r.p.m. | 
Stert. torque 32:0z.-fT 
3 m= Max. torque 35.02:- Ft. — 
, , . . £ ; ‘ a 
Split-phase motors. From the standpoint of starting torque . i Start. amp . ae a a 
and reasonable sizes. ordinary split-phase motors are second in ~ = ott par are OO 
l | 
the line-up of induction motor types. Sizes are 1 30 to 14 hp. S E + + ee a 
in speeds of 3.450, 1.725. 1.140 or 840 r.p.m. at 60 eveles. | 
Connection of the main winding to an a.c. supply would only 8008 80 oF. 5 ; 
result in a pulsating magnetic flux. The motor would be station- 7007 70 | | : || + a 
ary. emit considerable noise and rapidly overheat. If started by > | | EFF 
a spin. it would rapidly come up te speed and run normally by 600 6 wi 60 | i 
the usual single-phase induction motor action, 500 5 E50 | amps ous 4 aca 
\ second winding is always provided midway between the poles he . i | 
of the first. By providing a different number of turns of different 4004 2:40 1 wots + a 
size wire, the currents in the two windings are “out of phase.” = 
a . . ® f r : 30U 3 30 a —— + —+—___} + —}4 
The magnetic field resulting from these two windings is rotating. by | 
dragging the rotor around after it. At about 2. of final speed a 200 2 © 20 -— - —.- - 
switch disconnects the start winding as it would overheat rapidly a 
if left in the circuit. ited 10 a 
Starting torque in oz.-ft. per amp. is considerably higher than 00 0 
in the shaded pole motor. Using the starting current limits set 0 0.1 0.2 0.3 0.4 0.5 0.6 
ae Hp. Output 
by N.ELM.A. and the minimum starting torque recommended. 
would give ratios of about 0.50 in 4 pole to 0.6 in 6 pole motors. 
Values of 0.8 and 0.9 for oz.-ft. per amp. are not impractical. 
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Table I—Capacitor Start Motors Table [l—Permanent Split Capacitor Motors 
(Electrolytic Condensers ) (Oil Condensers ) 
TypicaL APPROXIMATE Typreal \PPROXIMATI 
Typrcan DIMENSIONS DIMENSIONS CONDENSER DIMENSIONS OF 
CONDENSER OF ROUND OF OIL CON- | Hp Rup. CAPACITY OIL, CONDENSER IN 
Hp. R.poM. CAPACITOR * CAN, IN. DENSER, IN. 
1,100 to 3. 100 2 to 3 mfd 
1 8 3, 150 72-87 mfd. 13. diam. Sx Sx 5 1/10 1, 700 
L,iaeo 29% long 1,100 
1,110 850 
“ . , : ‘ = 2 i2a 3 Slax 3l, I 
1 6 3, 150 88-106 mfd. 13. diam. o oa XO 1 20 I 3 mfd it I "4, xt 
1,725 31, long 810 — 
1,140 padi ee 
as ' oe 2 1/12 1,29 > mfd 3146x34x2 
4 1 4 3,450 121-119 mfd 4p ogg ax oad 1.110 3230 y. 
L zo 314 long 810 
1,140 1/8 1,725 5 mfd 31gx3lox2 
13 3,150 158-191 mfd. 13. diam. 5x5x 11 1.110 330 Vv. 
1,725 11, long 810 
1.110 1 6 ites 8 mfd 3146x3%x2 
2 ac a . . aa 1.140 220 
1/2 3,450 233-281 mfd. 2 diam. 2x ox 16 a ’ 
“97 2] . o ; 
ei 7% hae 14 1,725 8 mfd. 31g x 315 x2 
1,110 220 v. 
) 3/4 3,450 341-112 mfd. 2 diam. oxo x22 810 
-4 res 1). long 13 |. 725 15 mfd 114 x 334 x2 
3,450 341-412 mfd. 2 diam. 5x 5x22 L,] “i 
, 810 
76 long 12 1,725 15 mfd 15x33; x2 
As the condenser influences the starting torque it is important to note that for 1.110 a 
the above values, starting torque as percentage of full load torque would be gestae ' ' : 
about as follows 3 | | ‘ ize 20) mid 31 2X 31 ox 1! 2 
3,450 r.-p.m 350 to 400 per cent 330 v. 
1,725 r.p.m 100 to 475 per cent 
1,140 r.p.m 285 to 390 per cent * Yield starting torques of only 35 to 50 per cent of full load torque 
rates rapidly, and runs by virtue of a connected to one set of the supply leads ing should be cut out of phase with that 
rotating magnetic effect built up by the which form one phase source. Then a of the first. if useful motor action is to be 
windings. To obtain this rotating mag- second winding is provided midway be- obtained. Thus the windings must not 
netic field. it is necessary in the two- tween the poles formed by the first wind- only be displaced, but the pulsations of 
phase motor that a complete winding be ing. But the current in the second wind- the alternating current in each must 
“ | ' 
| S 
1800 ] T T aS 
E .700}—_+—_+—_+_+"+- sam 11 1] I] soe td gf 
a | | = = & | | : 
 1600f- —- —+—+— + I 
vo oe oe ie ee ee ee il |__| | Y 
Capacitor start motor L | F/, anon 
d: if Slectroly tic . Centrifvuga/ 
\ ¥4 hp., |,750 r.p.m. | condenser. ‘. Start winding ) yee ne 
| he: 
Start. torque 40.50z.-ft | >1T 
Pa Max. torque 30.6 oz.-ft. }— 1 . 4 
> 
a Start. amp. 19 | 
£ }+—____}+— = - i 
Oz.-ft. per amp. 2.13 | Capacitor-start motors. Running operation occurs through 
LG | bch wane “ih an 
_— action of a main stator winding and a squirrel cage motor. These 
J S 5 { se ae oe Se parts may be identical with split-phase design. Auxiliary wind- 
® ° . ° . . ° 
. | | | ing. midway between stator main winding. is the same type as 
800 8 80/—4—+> ¢ 7 mn} “a used on split-phase motors but differs in turns and wire size. 
7007 70 | B = The starting torque of either the split-phase or capacitor 
—_—— a | ee ° ° . 
¢ ETF / | | T motors depends upon the currents in each winding and the 
600 6 “ 60} = aa | | : + timing action between them. The condenser used in the auxiliary 
— i winding has the property of causing its current to be much out 
. ~ p | of phase. This results in more starting torque per ampere. 
sh 400 4 © an +— aude out + + } } As the motor reaches about 2. of final speed its centrifugal 
c 445 iv switch disconnects the condenser winding from the source, since 
300 3 6 30 T_T we we oo a a not only would the winding overheat if left in the circuit but the 
200 2 © 00 | a | | | | | electrolytic capacitor would also be injured. 
| , 7 | N.E.M.A. recommends minimum starting torques of 350 pet 
| } | ° ° » 
100 10 I t t 4 cent of full load torque for capacitor start motors of ratings of 1% 
as 0 a | | | | to 14 hp. although split-phase motors are expected to show only 
0 0.1 0. 0.4 0.5 0.6 150 to 90 per cent for the same respective ratings. This requires 


2 0.3 
Hp. Output that capacitor motors develop about 1.2 to 2.0 oz.-ft. per amp.. 


~ 


but values as high as 3.5 are practicable. Usual ratings are from 
! 








x to ] hp. although sizes up to 10 hp. are built. 
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come on and off at different instants. 

This is easy enough to understand if 
one compares it with a gasoline engine. 
Successful operation of the multi-cylin- 
der engine depends upon the arms of the 
crank shaft being displaced around the 
circumference of its motion. This cor- 
responds to the 
different around — the 
stator. If all of the cylinders were fired 
a. one time rotation would not result. If 
the current came on in all of the wind- 


displacement of the 


phase windings 


ings at one time, the motor would not 
rotate. But by providing — suitable 
“timing.” that is. having the current in 
one winding out of phase with that of the 
other winding or windings. the magnetic 
field built up is a rotating one. dragging 
the rotor around after it. 

The point to this illustration is that 
a condenser possesses the peculiar prop- 
erty of putting a current out of phase. 
Then, if a two-phase motor, as shown in 
Fig. 1 (4) were connected to a single 
phase source but one of its windings has 
a condenser in circuit the current of the 
second winding will be out of phase. very 
similar to that which would be obtained 
by a two-phase source. This arrangement. 
shown in Fig. 1 (B) represents the per- 
manent split capacitor motor. 

The capacitor is in circuit during the 
entire operating period of the motor and 


therefore no centrifugal switch is re- 


mittent duty electrolytic condensers of 
small bulk. and means that all perma- 
nent split capacitor motors utilize oil 
condensers. Consider the capacitor motor 
of say 1/6 hp. 1.725 r.p.m. In order to 
obtain a starting torque of 4 to 4.75 
times full load torque, it is necessary to 
use 88-106 mfd. In the oil type condenser 
this would be as large as the motor itself 
and probably more expensive. Further- 
more, while such a large capacitor is re- 
quired for high starting torque, it would 
result in very poor operating character- 
istics. Too large a capacity for running 
may result in an overheated motor, ¢@x- 
cess noise and vibration. One winding 
may actually work against the other. 
Theoretically. speed and load 
on a motor would require a_ different 


every 


value of the condenser capacity for bal- 
anced operation, beginning with a maxi- 
mum value at instant of starting. This is 
an impossibility from a practical stand- 
point, and as a compromise, a perma- 
nent split capacitor motor is designed 
for a condenser which gives good operat- 
ing characteristics over the usual load 
range. The values are much less than are 
necessary for good starting torque, and 
hence all permanent” split capacitor 
motors the starting torque is from 1/3 to 
starting torque. Compare in Table Il the 
typical condenser capacities of from 2 


to 20 mfd. as against 75 to 400 mfd. used 





motors the starting torque is from 1/3 to 
14 of the full load torque. Such motors 
cannot start a belted load or any other 
type requiring large starting torque or 
having great inertia masses to be accele- 
rated. Their biggest field of application 
has been for direct connected fans or 
blowers. They are generally available in 
sizes from 1/200 to 1 hp. although larger 
motors are occasionally required. 
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(a) | Second | 
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Senet = 
| Phase >: 
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winding 
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Fig. 1—A 2-phase motor contrasted with 
a4 permanent split capacitor motor. In 
the latter a condenser produces a current 
displacement 


somewhat similar to the 








quired. That at once rules out the inter- with capacitor start) motors. In these current displacement of a 2-phase source 
: Wound rofor 
1800 
S 
aS +—- Centrifugal 1750 
c pe ober ga 
' = to shor = 
Supply . circuit the E 700 
s commutator : 
2 © 1650 
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1600 
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Repulsion-start induction-run motors have long been the 


largest single-phase induction motors 


torque. Theoretically the starting torque per amp. of starting 
current is higher in this type of design than in any other. 
Actually the capacitor motor can be built in equivalent starting 
torques to meet nearly all of the applications of the repulsion 
start field. Because of the comparative complexity of the latter 
type it is being replaced by condenser start motors. 

The armature of the repulsion start motor is similar to the 
d.c. machine except that the brushes are short circuited. A cen- 
trifugal mechanism causes the commutator bars to be short cir- 
cuited at about 2 of final speed. after which the armature acts 
similarly to an ordinary squirrel cage rotor. The same mechanism 
may lift the brushes to reduce wear and noise during operation. 

Values of starting torque in oz.-ft. per amp. of starting current 
may run as high as 5 to 7. Usual ratings are from 1, to 10 hp. 
for repulsion start induction run motors. 

Reversal is accomplished by shifting of brushes. An alter- 
native method involves supplying two identical stator windings. 
so displaced from each other that the use of one or the other is 
equivalent to a brush shift. 





rating and_ starting - ~ 
+ a 
Qf 
s < 
800 8 80 
700 7 70 
600 6 ¥ 60 
lu 
500 5 350 
re} 
400 4 u:40 
Qa: 
300 3 +30 
& 
200 2 ~ 20 
v 
100 | * 10 
00 0 





°o 


0.1 0. 


Repulsion start, induction run 
motor '% hp., 1,760 r.p.m. 


Start.torque 56 oz. ft. 
Max.torque 32 0z.-ft. 
Start. amp. W.5 
Oz.- ft. per amp. 4.87 
| 
J 
pF. 


Lz 0.3 0.4 0.5 0.6 
Hp. Output 
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JOINING METAL AND PLASTICS 


Recently Developed Methods and Typical Applications 


MALL METAL and plastic parts 
can be assembled by tapped metal 
inserts; tapped holes in the plastic 

parts; or molded recesses into which 
the metal parts are forced while the 
plastic is still hot, thus relying on the 
shrinkage of the plastic to hold the 
metal securely in place. The self-tapping 
and the impact-drive type of screw and 
spring clip or Speednut are also used 
extensively as a means of securing plastic 
and metal parts. See page 496 for con- 
structions using spring-clip fasteners. 
Other methods will be discussed here. 

Selection of the method best suited to 
fastening the small metal to the plastic 
parts in a specific application requires 
careful consideration of type of plastic 
used, design of the part. assembly pro- 
cedure, cost and service conditions, and 
whether the finished product is to be 
used for utilitarian, decorative or identi- 
fying purposes. 


J. EARL SIMONDS 


Plastics Consultant 


OLD METHOD 








-Metal part 





Thermo plastic shank, 
Flowed over Ly heat 


Section A-A 









Plastic inlay 


“Metal part 


Shanks with concave tips 
. ‘ 





Thermo-plastic Inlay 
with Integral Shanks 








Modified 
ployed to assemble thermoplastic inlays 
to plastic, metal or wood parts. The 


¢rimping method = em- 


plastic inlay, molded with one or more 
integral bosses or “self shanks.” usually 
hollow at the tips, is set in a recess pro- 
vided in the part. A heated spinning tool 
is pressed against the tips of the protrud- 
ing bosses or shanks, causing them to 
soften, flow and “head up” similar to 
metal rivets. This type of fastening is not 
recommended where the inlay is to be 
subjected to heavy shocks. Concave tips 
in protruding shanks aid application of 
the heated spinning tool. This method of 
plastics decoration is extensively used in 
the automotive field on chromium plated 
die-cast zinc hardware, particularly in 
the higher-priced cars. 
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Probar method. The metal parts 
are acid etched from plated brass sheet 
stock of approximately (0.0065 in. thick- 
ness. They may be cemented to the plas- 
tic surface by a special adhesive. An- 
other method is to mold the metal part 
into the plastic parts during the mold- 
ing operation. To prevent “floating” or 
shifting of the plate from its intended 
position caused by the flow of the plastic 
material during molding. one method is 
to have the metal etched with small 
projecting points on the periphery as 
shown, the diameter across the project- 
ing points being a few thousandths less 
than the diameter of the mold cavity. 
Thus the projecting points act as stops 
or guides and prevent excessive drift of 


the metal in the molding operations. 


NEW METHOD 





Brass rivet inserts versus plastic 
crimping. In the former method small 
brass rivet inserts are molded in the 
plastic knob and the stamped ram 
assembly is then fastened to the knob by 
spinning-over the rivets. In the new 
method for assembling the ram_ plate 
to the underside of the knob, the knob 
is molded with a bead around the recess 
into which the base of the ram_ fits 
snugly. The two parts are then put in a 
die and heated. The thermoplastic ma- 
terial of the bead softens slightly. the 
bead collapses and flows over edge of 


metal inlay. (Continued on next page) 











194 





The Metallique process. The metal 
piece is first cemented to a blank or 
strip of specially treated cellulose fiber 
impregnated with phenolic resin and 
softeners. which act like the usual pre- 
nolic molding powders. The blank with 


The wrap-around method which is 
more or less limited to the strip-type ot 
metal decoration. The strip generally 
used is plated stock available in standard 
widths. A groove is formed in the plastic 
part during the molding operation: the 
under side of the handle or knob is hol- 


the metal piece is inserted in the mold 
cavity, the mold is loaded with the 
phenolic molding powder and the mold- 
ing is done in the usual manner. No Jine 
of demarcation between the blank and 
the portion molded can be seen. 





low. or provided with 
assembly, the plastic part is placed in 
a simple holding fixture under a light 


arbor of “kick” press and the strip 


recesses, For 


clinched or crimped on the underside. 
This type of decoration is used  prinei- 
pally for handles and knobs. 


Coaster and knob with Metalliques 
“molded in” by another, though slower. 
method. In molding. the material is par- 
tially cured. While still “rubbery” soft. 
the mold is opened, the Metallique placed 
in position, and the mold is then closed 
and the plastic part allowed to cure com- 
pletely. the Metallique being forced se- 
curely into the material when the pres- 
sure is again applied to the mold. 





Press-on method: The plastic part 
is molded with a recess into which is 
pressed a composite disk made up of a 
flanged metal disk. a paper disk upon 
which is printed the legend or other 
data. and a transparent cellulose disk 
which acts as a protecting cover for the 
printed paper disk. The groove or recess 
in the plastic part is dimensioned to a 
tight fit for the composite disk. Usually 


adhesive is placed around the groove. 
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Anchorage of this type of decoration is 
obtained from the relatively rough edges 
of the Metallique. Hence in the design of 
the metal piece it is desirable to include 
as many openings as possible: this in- 
creases the number of rough edges and 
anchors the metal securely in the plastic. 
Centering of the Metallique is difficult 
in this method, which is mainly used for 
name and trademark applications. 


Chilton 
manufacturer of fountain pens and pen- 


process, 


developed by a 


cils. requires two metal parts—one the 
inlay proper and the other the base 
metal. Recesses for the inlays in foun- 
tain pens and pencils are cut in accu- 
rately by a pantograph machine after the 
pen or pencil parts have been formed 
and machined. The slabs shown are urea 
thermosetting material and cellulose ace- 
tate thermoplastic material. The details 
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Electroplating plasties has been un- 
successful until recently because of fail- 
ure to obtain proper adhesion between 
the metal plating and the plastic. In a 
obtained 


new process. adhesion — is 


through a special bond coating treat- 





shown are acetate and phenolic material. 

The inlay. or top metal. is usually 
somewhat softer than the base metal. and 
preferably should be bow-shaped in 
cross-section. The base metal is placed 
in the recess and the inlay piece on top. 
Sufficient pressure is then applied to the 
surface of the inlay to cause springing, 
which is aided by the resistance of the 
harder base metal. The applied pressure 
is gradually increased and. with soft cel- 


Meta/ inlay- 





ment before plating. This acts as a con- 
ductor in depositing the plating metal; 
plating operations are identical with 
usual procedure. Plastic can remain un- 
plated for some time, will not require 
cleaning before plating. 


inlay cuts into 
plastic wall 








1 f 4 } 





Base piece’ ; 


T / 
Plastic part---“ 
! Pp 
Therrnoplastic 
materials 


-Base piece 


. Indentation in 


Metal inlay. Plastic wall 








“. —— 4 


4 “ 





Thermosettin g 


7 / 


Plastic part ---" 


‘ 


material 


lulose acetate parts, the edges of the 
inlay cut into plastic walls of the recess. 
In the case of urea or phenolic plastics, 
because of their comparatively greater 
hardness the inlay does not actually cut 
into the plastic material but causes it to 
be indented. as shown schematically. In 
either case a deep undercut in the plastic 
part is obtained, holding the metal se 
curely. Can be used for initials, strips 
or trade-marks. 
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INCE zine alloy die castings are 

quite malleable and can be made 

in almost any shape, with integral 
projections and cored holes, they are 
readily provided with fastening means. In- 
tegrally cast rivets, either solid or hollow, 
are easily spun or headed over to attach 
die castings to mating parts of the same 
or of other materials. Speednuts can be 
used in many applications. Several such 
fastenings are illustrated here through 
the courtesy of the New Jersey Zinc 
Company and the Tinnerman Stove & 
Range Company. 








Flanged 
speed clips 
‘ 


/ 


~ 
‘integrally cast 
yPrajectiorns 


= 





-v) 
- 
- 


Emblem assembled| : 


after speed clips 


are inserted 




















Mt tttttttil 
77 ML 


_Center strip 
Nit" oof grille 


Y, 











Fig. 3—Speedclips used to fasten Plym- 
outh emblem to radiator grille. This 
method differs from Fig. 5 in that clips 
are inserted in holes in center strip of 
grille first. Integrally cast projections on 
emblem are pushed into clips in final 
assembly operation. 


FASTENIN 





METHO 





Plastic cover. 
\ 





Spring riveted 


\ ade casting 


/ 
Hollow rivet 











Machined 
notch Die cast 
Soap aish 

















/ Die cast Pointed headlesS 
acts as hinge Sshe// screw 
Fic. 1—Plastic cover of ash receiver for Fic. 2—Soap dish (Miami Cabinet Div.., 


General Motors cars is hinged on hollow 
rivets in clearance holes of die-cast shell. 
C-shaped spring holds cover either open 
or closed and prevents rattling. 


Philip Carey Co.) screwed to wall 
through a stamped plate. Undercut notch 
in casting holds plate at top; pointed 


headless screw completes fastening. 





Die cast cover 
pressed into place 
\ 


\ 
\ 









handle 


| Hollow dle cast 








Fic. 4—To provide the “feel” of a solid 
handle and yet use a hollow die-casting 
without excess weight, the under side of 


this Zephyr luggage compartment handle 
is provided with a die-cast cover pressed 
into place against shoulder of recess. 











‘ 
‘ 
‘ 











Projection or7 
Ale casting 








Fic. 5—Tinnerman speedclips are ex- 
panded by a special tool and slipped 
over integral projections on die cast trim 
strip. Strip is then snapped in place on 


headlamp, bowed parts of clips expand- 
ing after passing through holes, making 
secure fastening without requiring ac- 
cess to under side. 
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Fic. 6—Zine alloy automobile heater 
shell, grille and trim bars. Grille is 
fastened to shell by hollow rivets and 
screws driven into cored holes in the fins 
of the grille. Trim bars have integrally 


cast projections, headed ones fitting into 
elongated slots after which plain projec- 
tions are attached with speednuts. All 
of the fastenings are concealed in the 
assembled streamlined heater unit. 
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lic. 7—Transparent plastic rods are 
fastened by screws at upper ends to die 
cast grille of Wurlitzer phonograph. 
Lower ends of rod pass through holes of 
angle bar attached to grille by drive 
screws. This allows for differences in 
expansion and avoids awkward coring 
of rod holes in die castings. 





Fic. 8—Die-cast zine alloy shell and 
grille for automobile heater made by 
E. A. Laboratories. The chromium-plated 
grille has twelve integral hollow projec- 


tions which mate with cored holes in the 
lacquered shell. Projections are easily 
spun over through the back of the shell 
in assembly. 
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Fic. 9—Buick direction signal with shell, 
ten letters and two ornaments all die- 
cast. Each letter has an integral projec- 
tion and is fastened to plastic lens by 
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speed nut. Ornaments are similarly 
fastened to shell. Stampings hold lenses 
in place and are, in turn, fastened to 


die casting by screws in cored holes. 
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Fic. 10—Take-out plate for instrument 
panel of Chrysler car has integral pro- 
jections with machined ball heads. Balls 
fit into specially shaped speed nuts 
riveted to panel. Spring portion of nut 
is rounded to receive ball which snaps 
in place. Plate can be easily removed. 





Question and Comment 


Are Monopolies for the Public Welfare? 


To the Editor: 

The other night. at our weekly card 
party. four of us started a grand argu- 
ment about trusts, anti-trusts and the 
It all began when 
the fellow who owns a local store started 


high cost of living. 
wailing about the new “sealed-beam” 
headlights adopted by the automobile in- 
dustry. 

“It's a typical big-corporation racket,” 
he said. “My garage man told me that 
hereafter you will buy not only a new 
bulb to replace the burned-out lamp, but 
you ll have to buy a new reflector and a 
new lens along with it and it will cost 
several times the price of a bulb.” 

My friend who works for Bell Labs 
pointed out the advantages of having the 
lens. reflector and lamp sealed-in as a 
unit. The reflectors would not get. tar- 
nished or even dirty. the headlamp could 
never get out of focus. all headlamps 
would be the same and would thereby 
eliminate — the blinding 
glare often encountered in night driving. 


high-powered 


But this did not pacify the merchant and 
he kept ranting about the “monopoly in 
restrain of trade” held by the manufac- 
turers of the new headlamps. and 
claimed that the automobiling public 
would simply have to pay through the 
nose for replacing headlamps. 

As such arguments usually go. the 
gang got off the track and = started a 
hang-up two-at-a-time argument ove 
“trusts” versus “free-competition.” My 
friend from Bell Labs and I staunchly 
defended patent-pooling, price and pro- 
duction control by big corporations, con- 
centrated mass production. “free” com- 
petition without government restraint. 
The merchant and real estate man ar- 
sued for more stringent control over big 
corporations, government price-fixing as 
in railroad rates. a drastic cut in patent 
protection, and government control over 
manufacturing production as well as agri- 
cultural production, All the usual argu- 
ments were brought out of the moth- 
balls and many time-worn  “cases-in- 
point” were cited. 

In the end the merchant and real 
estate man agreed with each other that 
it could hardly be expected that a Bell 
Labs employee and the chief engineet 
of a manufacturing company. even 
though it be only a medium-sized c¢om- 


pany. could admit. that 


“monopolistic” 


and “mass production” policies of big 
corporations were detrimental. 

My own viewpoint is that real progress 
can come only from big corporations 
doing things in a big way and that the 
natural laws of economics and the Jaws 
which impel human behaviour will in 
themselves properly control situations so 
that in the final reckoning everyone will 
benefit. On the other hand, man-made 
laws must of necessity be imperfect, 
bring about injustices and throttle genu- 
ine progress. Is this the personal opin- 
ion of merely one humble engineer. or 
are there many others who agree with 
me? I wonder! 

Modesty. or is it an inferiority com- 
plex. deters me from permitting my name 
to be mentioned, but I certainly would 
like to read of other opinions on this 
subject. | think a wholesome discussion 
of the fundamental principles involved. 
rather than the pros and cons of a spe- 
cifie case. would be welcomed by many 
Product Engineering readers. 


Worm Gears Selected 
To Save Space 
To the Editor: 

I was very much interested, while look- 
ing through your October number. to 
notice the references to Cone worm gear- 
ing on page 433. 

There is just one thing that may puzzle 
your readers. In the description of the 
W. F. & John Barnes hydraulic unit, the 
write-up says, “These (Cone gears) are 
used instead of a standard worm and 
gear drive because speed ratio of the two 
shafts is low, approaching 1:1.” 

The principal reason Cone gearing is 
used in this case is to allow the hydraulic 
system to. be incorporated in a very 
\. D. DENNIS 
Detroit, Mich. 


limited space. 


Seeks Material 
To Transmit Heat 
To the Editor bg 


We have a problem in one phase of our 
manufacture that we thought you might 


be able to assist us in solving. 


\ recent development in our manufac- 
ture of oil burning heat circulators makes 





it advisable for us to obtain some type 
of material (not an insulating material ) 
that will absorb an excessive amount of 
heat within a certain limited area and 
transmit it in a reduced degree from the 
inner to the outer surface of our heater. 

We have tried using firebrick in a 
space about 15 in. in diameter. 6 in. in 
width and approximately 2 in. in depth 
within our heater. This material is fairly 
satisfactory but we thought there may be 
others of a generally similar character- 
istic that we could make use of more 
easily and equally as effectively. 

If any Product Engineering readers 
can give us information covering ma- 
terials to meet the requirements, we will 
greatly appreciate their help. 

C. E. Pask 
Globe Machine & Stamping Co. 


Pipe Fitting Stresses 
To the Editor: 
With reference to the sketch herewith. 
I would like some expression for the 
proper formula for determining the 
stresses set up in the annular space of 
this high-pressure, high temperature, re- 
turn bend pipe fitting for refinery service. 
The tapered seat of the U-bend ap- 


plies a certain amount of stress to the 
wall of the tube end fitting. We are 


wondering if the stresses set up by fore- 
ing the tapered joint into a tight fit 
should be considered in the calculation 
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of the proper wall thickness to with- 
stand the specified operating conditions. 
Furthermore, there are stresses set up by 
expanding of the tube into the tube end. 
Should these stresses also be considered ? 
Or should both of these stresses be dis- 
regarded and consideration only be 
given to this particular section as a 
cylinder subjected to internal pressure? 
The reason for asking this question is 
that. after years of service. the annular 
space between the small diameter of the 
U-bend and the flare on the tube erodes 
or corrodes away. consequently reducing 
the wall thickness of the tube end as 
indicated in the shaded area of the 
sketch. If the absolute minimum of wall 
thickness necessary to stand up under 
the operating conditions is known, then 
it will be possible to replace the fitting 
before failure occurs, 2. J. DicKsSON 
St. Louis, Mo. 


Plastics Cost Statements 
Give Wrong Impression 
To the Editor: 

I read with interest Mr. Herbert 
Chase’s article on “Die-Castings or Plas- 
tics.” in the August number of your 
publication, 

The article is very instructive. but I] 
feel that it would be more valuable 
with one or two corrections. 

Table I. comparing advantages and 
limitations. states that molded plastics 
are not as dimensionally accurate as die- 
castings. It is not always so. Of course 
no molder likes to limit himself to very 
close tolerances. but in aircraft instru- 
ment cases, mechanical and_ electrical 
controls, we very often mold parts with 
an accuracy of plus or minus 0.001 in. 
per inch. 

Table Il. comparing the cost and pro- 
duction data. probably is not quite fair 
to die-castings. First, the cost of phenolic 
molds seems to be too low. even assum- 
ing that the hours required are given 
correctly. In no shop can a mold be con- 
structed for less than $2 per hour of 
the mold maker (including shop over 
head) and to this must be added the 
cost of material. 

The cost of the molded plastics is re- 
markably low. of course. but it applies 
only to the parts which can be 
matically molded. 


auto- 
Table IL shows that 
the cost of molded plastics is only one- 
fifth that of die castings. whereas on 
pages 322 and 323 the costs of bottom 
covers and display stands. as given, are 
higher for plastic parts than for the 
die-castings. 

\ minor correction is that the mold 
for the molded 
made by engraving and not hobbing. 

I feel that. since the figures on Table 
Il will be carefully studied by engineers 


plastic impeller was 


and purchasing agents, it is very im- 
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portant not to create wrong impressions. 
I am, naturally, a very strong advocate 
of the use of molded plastics and par- 
ticularly automatic molding, which in- 
creases the field of the application of 
plastics, but such enthusiasm over low 
costs should be moderated so as to avoid 
wrong impressions. 

V. I. Zevov, President 

Volded Insulation Co. 


Another Idea for 
Mr. Rudbeck 
To the Editor: 


Going ‘way back to July Product Engi- 
neering, page 304, to a question in a 
letter from Paul E. Rudbeck. here is an- 
other idea for fastening the ram and 
guide pieces to the spring. In this design, 
which differs considerably from the one 
submitted by Mr. Shapiro on page 394 
of the September number. the spring 
serves only to absorb the shock of ram 
and to apply pressure to the part being 


199 


machined during the cutting cycle. When 
the ram lifts from the work, its weight 
is carried by the collars on the sliding 
sleeves. Wuitt 

The Pocono Company 
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Can You Work This One? 


H. E. 


Solution to September problem 
Five Smokers at Poker 
Five men, Perkins. Reilly, Turner. 

Brown and Jones were smoking Luckies. 

Camel. Raleighs. Chesterfields and Old 

Golds. and had 20, 15. 8 6. and 3 

cigarettes. not necessarily respectively ; 

at the beginning of an evening of poker. 

From the eight factual statements given 

in September. it follows that: 

1. Brown had 3 cigarettes. 
2. Jones and 

Camels. 


Brown do not smoke 

3. Raleighs are tipped, of which 5 
are smoked counting the one just lit. 

1. Therefore Brown does not smoke 
Raleighs. 

5. Perkins or Brown do not smoke 
Luckies. 

6. Perkins does not smoke Raleighs. 
since he drew 3 ecards. 

7. Man smoking Chesterfields either 
had 20 and smoked 13 or had 15 and 
smoked 10. 

8. Therefore. Brown does not smoke 
Chesterfields, and must use Old Golds. 

9. Reilly. having smoked half his ciga- 
rettes. does not smoke Chesterfields. 

10. Therefore, Reilly might have 
smoked either 10. 4. or 3 cigarettes: and 
Turner might have smoked either 11. 
5, or 4 cigarettes. 

11. From (7). man with Luckies must 
have smoked either 12 or 15. 

12. Since no man smoked all his cig- 


SMITH 


arettes. Luckies must be 20 and Chester- 
fields 15. 

13. Luckies not used by Turner, Reilly 
or Perkins. 

14. Therefore, Luckies must be used 
by Jones. 

15. Chesterfields not used by Turner 
or Reilly and therefore must be Perkins. 

16. Therefore, Reilly must have 
smoked 4 and have Camels: and Turner 
must have smoked 5 and have Raleighs. 


This month’s problem 


A Monkey and His Uncle 


\ monkey and the monkey's uncle are 
suspended at equal distances from the 
floor at opposite ends of a rope which 
passes through a pulley. The rope weighs 
1 oz. per ft. The weight of the monkey 
in lb. equals the age of the monkey’s 
uncle in years. The age of the monkey’s 
uncle plus the age of the monkey equals 
1 years. The monkey’s uncle is twice as 
old as the monkey was when the uncle 
was half as old as the monkey will be 
when the monkey is three times as old 
as the uncle was when the uncle was 
three times as old as the monkey was. 

The weight of the rope plus the weight 
of the monkey's uncle is one-half again 
as much as the difference between the 
weight of the monkey and the weight of 
the monkey’s uncle plus the weight of 
the monkey. How long is the rope. and 
how old is the monkey? 
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Stronger Joints in Galvanized Sheets 
Made Possible by New Welding Process 


Arc welding procedure developed by Eastman Kodak Com- 
pany uses filler rod of copper-silicon alloy coated with tin 


MPORTANT CHANGES in the design 
of galvanized iron equipment have 

been made possible in a new method of 
joining galvanized iron sheets by weld- 
ing, it was recently announced by the 
Eastman Kodak Company. The method. 
known as the Gaylord process. gives a 
cheap, air-tight. corrosion-resistant joint 
with an ultimate tensile strength of 
51.000 Ib. per sq. in. 

The conventional method of joining 
galvanized sheets by riveting and solder- 
ing does not provide a strong joint, the 
flux used often causes zine oxide forma- 
tion in moist atmospheres, and it is quite 
expensive in the construction of large 
equipment. For these reasons. the East- 
man Kodak Company started searching 
early in 1935 for an improved joint. 
finally developing a method of carbon are 
welding with a filler rod of copper. sili- 


con alloy which is coated with block tin. 

In the Gaylord welding procedure. the 
tip of the carbon, which has a tempera- 
ture of approximately 3.200 deg. C.. is 
held about two-thirds of the way through 
the copper alloy red laid flat in the fillet 
of the seam. As the heat of the earbon 
are is applied. the tin goes into liquid 
form at 231 deg. C.: the zine passes into 
liquid form at 419 deg. C.. but volatilizes 
at 907 deg. C. which is 113 deg. below 
the melting point of the copper alloy rod. 
For this reason. the zine coating is driven 
off adjacent to the welded seam. The tin 
coating, however. does not volatilize at 
all, since the copper alloy rod melts at 
1.020 deg. C. or 1.240 deg. C. below the 
boiling point of tin. It remains in a liquid 
form and flows down to form a protective 
coating over the metal left bare by the 
volatilized zine. The carbon tip is moved 


Ss ; 











irc-welding galvanized sheets and plates in construction of 8-ton interchanger 





along at the approximate rate of 1 in. 
per 5 sec., so that a new portion of the 
coated rod is brought into contact with 
the heat of the carbon are. 

A microscopic examination of the pro- 
tective coating which replaces the vola- 
tilized zinc coating adjacent to the weld 
discloses that it seems to be made of 
successive longitudinal layers of pure tin 
coating with finally an alloy of tin and 
zinc, the zine content increasing with 
the distance from the weld proper. The 
total width of this entire area if the 
above procedure is correctly followed, 
will be only from s2 in. to xg in. on 
each side of the weld on 16 gage sheets. 

An offset lap joint was chosen after 
experiment as offering the best condition 
for the process. This type of joint per- 
mits laying the filler rod in a fillet. The 
bottom portion of the lap joint also helps 
to remove the heat of welding current so 
that there is little or no damage to the 
galvanizing on the side of the sheet oppo- 
site to the weld. 


Research Intensified 
In Foreign Nations 
HE NUMBER OF MEN engaged in 


the field of scientific industrial re- 
search in this country. in spite of the fact 
that some $300.000.000 are spent here 
annually, is only one-half the number so 
engaged in Germany and one-third of 
those in Russia, according to a statement 
made by Mr. Maurice Holland, director 
of the National Research Council’s Divi- 
sion of Engineering and Industrial Re- 
search. The desirability of greater cen- 
tralization of United States industrial re- 
search laboratories was strongly empha- 
sized by Mr. Holland. He maintained 
that such centralization would prevent 
duplication of effort and would provide 
a vehicle for the exchange of ideas. 


Says American Industry 
Is Self-Sufficient 


N SHARP CONTRAST with depend- 

ence upon imports during the World 
War. American industrial production 
will “never again be disrupted by wars 
beyond our shores.” recently stated La- 
mont du Pont. president of E. I. du Pont 
de Nemours & Company. Mr. du Pont said 
that every important American industrial 
and medicinal need is being filled. and 
will continue to be filled by American 
factories on American soil. 

Domestic chemical achievements in the 
last quarter of a century have given the 
country adequate quantities of nitrates 
extracted from the air. whereas the na- 
tion was almost completely dependent 
on the importation of natural nitrates 
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from Chile in 1914. Practically all the 
industrial needs for dyes are now being 
met at home, whereas all supplies had to 
come from abroad then. Dependence upon 
Germany for potash has been ended by 
methods permitting recovery of potash 
from our mineral deposits. Neoprene has 
every promise of functioning satisfac- 
torily in place of natural rubber, and 
based on a small production, its price is 
less than that of natural rubber during 
the early World War days. 

Thanks to research, this country today 
manufactures optical glass, needed in the 
manufacture of instruments vital alike 
in peace or war, of a quality second to 
none in the world. The development of 
synthetic camphor, and nylon, the chemi- 
cal equivalent of bristles and surgical 
sutures, were quoted by Mr. du Pont as 
further examples. 

(Adequate supplies of strategic tin. 
manganese, chromium and tungsten were 
assured by the government’s $10,000,000 
program to create stockpiles. and by the 
President’s “warning” to those in a posi- 
tion to control export of these materials. 


Device Detects Flaws 
In Running Machinery 


N ELECTRICAL “TIN EAR” which 
measures the intensity of sound of 

any preselected pitch and turns a deaf 
ear to all other noises. enables unskilled 
workers to detect flaws in running ma- 
chinery. This device. called the Industrial 
Noise Analyzer, has recently been an- 
nounced by Electrical Research Products. 
Incorporated. It consists of three parts: 
a microphone. filters 
which pass only the squeaks or hums 
which occur when a faulty part is tested, 
and an amplifier and meter. If the meter 


electrical wave 





Meetings 


AMERICAN Society OF MECHANICAL 
ENGINEERS—60th Annual Meeting, Belle- 
vue-Stratford Hotel. Philadelphia, Pa.. 
December 4-8. C. E. Davies, Secretary, 
29 West 39th St.. New York. N. Y. 


SEVENTEENTH Exposition oF CHEMI- 
cAL INpUstRIES—Grand Central Palace. 
New York, N. Y., Dec. 4-9. Charles F. 
Roth. Grand Central Palace, New York. 


\MERICAN ASSOCIATION FOR THE Ap- 
VANCEMENT OF SCIENCE—Winter Meet- 
ing. Columbus. Ohio, December 27—Janu- 
ary 2. Dr. F. R. Moulton. secretary. 
Smithsonian Institute, Washington, D. C. 


Society OF AUTOMOTIVE ENGINEERS 

Annual Meeting and Engineering Dis- 
play, Book-Cadillac Hotel, Detroit, Mich.. 
January 15-19, 1940. John A. C. Warner. 


secretary, 29 West 39th St.. New York. 
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Giant steam hammer production 


caused Erie Foundry Company to install 
this specially designed planer, claimed 
to be the largest ever built and hoped to 
be large enough to machine parts for 
the biggest hammers anticipated for 
some time to come. Table, nearly 36 ft. 
long. weighs 100 tons and runs on three 


01 





ways. Drive and speed control, with 
75-hp. motor cooled by a_ separately 
driven blower, are largest ever built. 
Each head has individual electric feed 
and pneumatic tool lifter. Part being 
machined is 130-ton section of anvil block 
for a 35.000-lb. drop hammer, the largest 
installed in this country. 





reading varies from the normal, a defect 
is indicated. 

The work that led to the development 
of the “tin ear” began some years ago 
when an old factory hand became well 
known for his uncanny ability to predict 
whether or not a machine would prove 
defective. The old man could recognize 
the change in quality of a noise caused 
by the change in intensity of a limited 
frequency range. 

The industrial noise analyzer, which 
does the same thing by recording changes 
of volume in only that part of the fre- 
quency range affected by a defect. has a 
manual dial permitting the operator to 
select the desired frequency. It has al- 
ready been employed successfully in test- 
ing domestic refrigerator units, roller 
bearings and automobile generators. 
Possible uses are claimed to be almost 
limitless in testing and checking electric 
motors, anti-friction bearings, com- 
pressors, and gear units. 


Memorial Movement 
Supported by Colleges 


HE INTERCOLLEGIATE Rankine 

Memorial Movement’ will honor 
the late celebrated Professor William 
John MacQuorn Rankine. chief among 
the founders of modern scientific engi- 
neering and one of mankind’s greatest 
benefactors. A fund of $15.000. col- 


lected from the 80.000 engineering stu- 
dents in attendance at the nearly 200 
colleges of the United States, will be 
used to erect a memorial at the Uni- 
versity of Glasgow in Scotland. The 
founders of the movement feel that since 
Rankine has been of incalculable service 
to engineering, and since his writings 
have unquestionably played an_ enor- 
mously important part in the industrial 
development of this country, the United 
States is heavily indebted to Rankine. 





Do You Know That— 


UNEQUAL THERMAL EXPANSION of parts 
of a machine assembly sometimes causes 
misalignment and binding of hand-oper- 
ated control shafts. This can be prevented 
by using flexible couplings. (27) 


RESIN ADHESIVES which form a strong 
colorless, transparent joint can be used 
with transparent and opaque plastics, 
wood. fabric, leather, or rubber. (28) 


A NEW TYPE 100-KW. RADIO TUBE has a 
replaceable filament of activated tungsten 
which allows greater current at lower 
voltages. The tubes are not sealed when 
constructed; the vacuum is maintained at 
all times by an electric pump. (29) 


MorE THAN ONE-FOURTH of all the in- 
dustrial laboratories in the 
United States are maintained by the auto- 


motive industry and its suppliers. (30) 


research 





New Materials and Parts 





Ajusto-Spede Motor 
Incorporates New Principle 


The new A.C. Ajusto-Spede drive is a 
combination of an eddy current clutch 
and a standard constant speed a.c. squir- 
rel cage motor. integrally contained 
within a single compact housing. Speed 
and torque variations are obtained by 
controlling the magnetic excitation of the 
clutch, thereby producing variations in 
the slip. Speed range extends from zero 
to full speed. Since there is no mechani- 
cal contact between the driving and 





driven members. the unit is especially 
suitable for shock loads. Can be oper- 
ated continually at low speeds without 
overheating. and is ventilated) by fan 
driven by constant speed member. Units 
in sizes 30 hp. and smaller are available 
with a source of d.c. excitation for the 
clutch consisting of a step-down trans- 
former and rectifier. Remote control avail- 


able. Louis Allis Co.. Milwaukee. Wis. 


Delayed-Action 
Vercury Switches 


\n addition to the standard line of 
Kon-nec-tor mercury switches, these new 
delaved-action switch units may be ob- 
tained with time delay intervals of from 
ly to 15 see. for circuit-opening. and 
from to to 10 see. for cireuit-closing. 
Delayed-action characteristic of these 
switches is obtained by the restricted 
flow of mercury through a small orifice 
at the bottom of the metal chamber in- 
side the switch. When the Kon-nee-tor is 
tipped. mercury flows into the chamber. 
then through the orifice until the circuit 
is opened or closed. depending upon the 
tvpe of switeh. Circuit is immediately 
restored when the switeh is tipped back 


to normal position. Definite. non-adjust- 


eliminating annoying drop cords and ob- 
taining light at power rates. Unit can be 
mounted on the motor switch box or on 
the machine itself. Unit consists of a 
“Hi-F” high efficiency. high power facto 
transformer mounted in a standard sheet 
steel box. It is provided with a fuse block 
and one flush receptacle on the 75-watt 
unit. Size over all. 13 x 614 x 4% in. Cole 


Radio Works, Caldwell. N. J. 


Hydraulic Power Unit 





\ new small hydraulic power unit is 

used to rotate and feed a single tool o1 

multiple spindle head on drilling. ream- 

ing. facing and other similar operations, 

and is also used as a prime mover for 

other machine units on milling, boring 

able time intervals are built into the and other operations. The unit has 
individual switches by varying amount 
of mercury and size of orifice. Small. 
compact units can be operated mechan- 
ically by lever or cam action, or elec- 
trically by a solenoid. Lamp Dept.. Gen- 


eral Electric Co.. Hoboken. N. J. 


Built-In Lighting Unit 


For machines equipped with individual 
motor drive, this transformer unit takes 
its power from 220-575 volt motor circuit 
and provides a 115 volt lighting circuit. 





spindle speeds from 370 to 1.590 r.p.m.. 
and will handle drills from = is in. up. 
Maximum stroke is 4', in. Although it 
weighs only 220 Ib. the unit can be 
powered by motors up to 3 hp. and is 
capable of drilling a *4-in. hole in steel. 
Features claimed for the new unit are 
economy. ample reserve thrust. flexibil- 
ity, convenient installation and uniform- 
ity of performance. Operating cycle of 
the hydraulic unit is automatic: uni- 
form rapid traverse. adjustable forward 
feed, and either return or positive stop 
dwell and return. Spindle of the unit is 
driven through V-belts and change gears 


hy an electric motor mounted either on 





the unit or on the iin | base. Built-in 
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hydraulic pump is 
driven directly from the main drive shaft. 
Ex-Cell-O Corp., Oakman Blvd., Detroit, 


Mich. 


variable delivery 


Pushbuttons 


Standard duty pushbuttons for a.c. 
and d.c. pilot circuits. supplied with 
surface and flush mountings and mount- 
ings for special applications. have large 
buttons which are shrouded for protec- 
tion against accidental operation. Double- 
break. silver-plated copper contacts give 
long life. Drawn steel cases and modern 
molded covers eliminate sharp corners 
and give a permanently attractive finish. 





Clearly marked terminals and knockouts 
in top and bottom make installation 
easy. One double-circuit. momentary- 
contact. spring return button unit = is 
made for auxiliary control of machine 
tool or similar operations. A two-button 
station is provided for use with revers- 
ing starters, giving control of motions in 
two directions. The driven device oper- 
ates only while the button is held down. 
\ three-button unit is furnished where 
forward, reverse, and stop operations 
are required. Westinghouse Electric & 
Mig. Co.. East Pittsburgh. Pa. 


Reset Timer 


Synchronous motor driven reset timing 
relay is especially designed for applica- 
tions requiring one or more contact oper- 
ations in a time sequence. Timers for 
controlling from one to six circuits may 
be supplied in a single unit with the 
opening and closing of each circuit inde- 
pendently adjustable. The Multiflex con- 
sists of a moving plate driven by a syn- 
chronous timing motor through a_ sole- 
noid-operated clutch. Contacts are opened 
and closed with quick make and break 
action as the plate is driven downward. 
When clutch is disengaged. plate is reset 
by a spring. Each circuit contact has 
“on” and “off” indicators which are ad- 
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justable along a linear time scale by 
loosening a thumb screw. Vernier adjust- 
ment can be provided where extremely 
accurate time adjustments are required. 
Eagle Signal Corp.. Moline. IIL. 


Recording Demand Meter 


New contact-operated, strip-chart  re- 
cording demand meter combines a two- 
circuit totalizing relay and a recording 
demand meter. The new instrument. 
known as Type BR-l. may be employed 
for single circuit demand metering or 
for totalizing the demands of two cir- 
cuits. In combination with totalizers or 
totalizing relays it may also be used to 
record the totalized demand of any num- 
ber of circuits. Instead of the conven- 
tional plunger. coil, and ratchet arrange- 
ment, the meter is actuated by Telechron 
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motors controlled by three-wire contacts. 
It is suitable for a wide range of load 
demands, and provides a continuous rec- 
ord of at least one month’s operation on 
a chart 6 in. wide. General Electric Co.. 


Schenectady, N. Y. 


Totally Inclosed Motor 


This new totally inclosed. fan-cooled 
type of motor. known as Type K. has a 
streamlined outer shell of pressed steel. 
resulting in lighter weight and smaller 
overall dimensions. Designed especially 
for fast-reversing service in = machine 
tool applications. the rotors of this mo- 
tor are of rolled coppel end ring con- 
struction, and are dynamically balanced. 
Stators are internally ground for highly 
efficient and quiet operation. Insulating 
varnish is absolutely waterproof and 
oil- or grease-proof, eliminating danger 
of over-lubrication. Full cartridge bear- 
ing construction is employed. with 
double-row bearings on the drive end 


and deep groove single-row bearings on 





the opposite end. Shafts are of a special 
chrome-molybdenum heat-treated — steel. 
External cooling fan is of one-piece, split 
hub aluminum’ construction with no 
threads or nuts on the end of the shaft. 
Howell Electric Motors Co... Howell. 
Mich. 


Special Purpose Chucks 
Of Matrix Metal 


\ffording a compact. convenient and 
inexpensive method. Cerromatrix chucks 
have been devised to overcome the diffi- 
culty of chucking a small part of square, 
rectangular or irregular section during 
erinding. drilling or other machining 
operations on one or both ends. By this 
method. one chuck can be adapted to 
hold a wide variety of sizes and can be 
made to hold the work on centers or off- 
set. if eccentricity is desirable. Accuracy 
of centering and proper alignment as to 
length is readily obtainable. and the 
chucks permit insertion and removal of 
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work with great rapidity. If after long 


usage, the hole fitting the work becomes 
worn to the extent of causing inaccuracy 
in centering, the matrix metal can be 
melted out and recast. Method was de- 
vised by Paul Leo, Precision Mechanical 
Laboratory, New York, N. Y¥. 
matrix is available from Cerro de Pasco 
Copper Corp., 44 Wall St.. New York, 
N. Y. 


Cerro- 


Packing Lubricant 


Packing lubricant. known as Formula 
610725, can be applied to the exterior 
surfaces of packing before installation, 
or can be applied through pressure fit- 
tings after installation. In addition to 
furnishing an extremely durable lubri- 
cant, it forms a metallic surface upon 
the packing so coated. The metallic sur- 
face, when in contact with the moving 
member, will attain a polish or glaze al- 
most instantly. This results in reduced 
friction, effective sealing at reduced gland 
pressures, and minimum of shaft wear 
and scoring. Lubricant is not restricted 
as to pressures, and is recommended for 
all temperatures up to 1,000 deg. F. 
Suitable for application on all types of 
packings, whether metallic or fibrous. 
Industrial Colloids Corp... 1316 W. Cer- 
mak Rd.. Chicago, Il. 


Couplings 


Designed to accommodate both paral- 
lel and angular misalignment, this new 
line of fractional horsepower couplings 
has the important feature of being able 
to absorb torsional vibration, the result 
of transmitting torque in shear. This pre- 
vents transfer of gear noise and motor 





hum through the shaft. Bonded rubber 
couplings are compact in design, with no 
loose parts to handle. They are smooth, 
efficient units, easily installed. Available 
in sizes from ;'y hp. up to 1 hp. Lord 
Mfg. Co., 1639 W. 12th St., Erie, Pa. 


Rotary Radial Pump 


New, more efficient type of hydraulic 
pump. designed especially for elevator 
service, is also available for general use 
on other types of equipment. The Rota- 
Radial is a 7-cylinder unit. Cylinders are 
arranged in a circle with the pistons 
operating from an eccentric. The pump. 
designed for working pressures several 
times greater than required for elevator 
use, has an efficiency in excess of 85 
per cent as compared with 35 to 65 per 





cent for other available types. Pump 
features unusually quiet operation, with 
accurate speed control. Rotary Lift Co.. 
Memphis, Tenn. 


Lignin Laminating Sheets 


Lignin laminating sheets consist of 
resins uniformly distributed in a fibrous 
base. The resinous component is a mix- 
ture of thermoplastic lignin resins while 
the fibrous component is cellulose, both 
of which are derived from wood, Laminat- 
ing sheets of various grades to meet the 
requirements of the laminating industry 
are produced by controlling the lignin 
content of the product through a process 
in which the natural lignin content of the 
wood is retained and supplemented by 
additional lignin. Laminating is done in 
standard equipment by placing a number 
of sheets one upon the other and apply- 
ing heat and pressure. The plastic will 
be reduced about 60) per cent in 
Available in 
rolls of any width from 4 to 100° in.. 
or in sheets cut to size and shipped 
flat. Approximately 0.015 in. thick. 
weight about 4 lb. per 100 sq.ft. Chemi- 
cal Products Division, Marathon Paper 


Mills Co.. Rothschild, Wis. 


thickness in the operation. 








Rubber Oscillograph 


This new instrument for rubber tech- 
nologists and mechanical engineers is 
used for determining certain mechanical 
properties of rubber and rubber-like ma- 
terials as vibration absorbers. It may be 
used to measure static characteristics 
such as loading and unloading, creep 
under a given dead load, set; and dy- 
namic characteristics such as energy ab- 
sorption during impact loading, resili- 
ence, effective dynamic modulus. Oscil- 
lograph is complete in itself and provides 
an autographic record in a few minutes 
from which can be evaluated the proper- 
ties mentioned above. Bulletin PE-2060 
available on request. American Instru- 
ment Co., Silver Spring. Md. 


Blueprint Machine 


Designed to be of practical use in the 
small office as well as the large engineer- 
ing department, this machine makes per- 
fect blueprints in one minute or less. 
Occupying a desk space of 26 x 9 in. it 
makes prints in any size up to 18 x 24 in. 
The original and sensitized paper are 
wrapped around an 8-in. diameter x 19 
in. long crystal clear glass cylinder and 
held in place by a heavy canvas pre- 
shrunk adjustable cover. Two photoflood 
bulbs inside the cylinder are controlled 
by a “Mark Time” timer which assures 
proper length of exposure for best print- 
ing. The low first cost as well as its low 
operating and maintenance cost and the 





simplicity of its operation make it an 


effective piece of equipment for any size 
department. Paramount Engineering Co., 


5707 W. Lake St., Chicago, II. 
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Unbreakable Gage Cover 


Instead of using a conventional glass 
and gage ring. this new gage cover is 
made of a non-breakable transparent 
plastic in the form of a cover which 
threads onto the gage case. It is made of 
crystal-clear plastic which has a tensile 
strength of about 5.000 Ib. per sq. in. 
and a compression strength of about 
15.000 Ib. per sq. in. The new gage cover. 
called the first attempt to streamline a 





pressure gage. makes the case moisture 
proof and dust proof. and opens up the 
dial of the gage to make it easier to 
read. Available on 44% in. and 6 in. 
phenol case Duragages. Ashcroft Ameri- 
can Gauge Div... Manning. Maxwell & 
Moore. Ine.. Bridgeport. Conn. 


V-Belt Fasteners 
Permitting application of V-belts 
where installation of an endless belt 
would be too expensive, the line of Alli- 
gator V-belt fasteners has been extended 
to include “B.” “CC.” and “D” sections. 
Use of the fastener is limited to the cross- 
woven fabric core V-belts and should not 
he applied to cord belts. Fastener consists 
of two die-formed steel end plates, two 
bushings. and two two-piece rocker pins. 
End plates are held on the ends of the 
belt by specially formed flat nails. When 
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assembling or disassembling a fastener. 
a simple rocker pin tool is used that en- 
gages in T-shaped slots at the end of the 
rocker pin. Double hinge construction 
greatly increases belt life. There is no 
sliding movement of end plates. bushings 
or links. Flexible Steel Lacing Co., 4607 
Lexington St.. Chicago. II. 


Sealed Bearings 


Mechani-Seal. a seal which is an in- 
tegral part of the bearing itself, has high 
sealing efficiency without the disadvan- 
tages of contact material. There is no 
tendency for the seal to generate friction 
or to increase bearing wear. Two steel 
plate shields, widely separated to form a 
trap. serve as the innermost members. 
beth attached to the outer bearing ring. 
(nother steel plate. pressed on the bear- 
ing inner ring. acts as a slinger when 
Definite 
though extremely close clearances exist 


this inner ring is rotating. 


between the individual members. so that 





nothing is added to the total bearing 
friction. Outer members are given a cor- 
rosion- and rust-proof treatment. Fafnit 
Bearing Co.. New Britain, Conn. 


Automatic Reset Timer 


\utomatic reset timers for controlling 
various machine operations feature wide 
range of adjustability, instantaneous dial 
reset. and elimination of delicate and 
complicated) magnetic clutch 
ments. Pilot control can be a momentary 


arrange- 


closing contact. momentary opening con- 
tact or constant closed contact. Eight 
terminals. furnished as standard. permit 
timers to be connected to perform seven 
different operations. Ten standard models 
are available. with time adjustments 
ranging from | to 14 see. in V4-see. steps 


505 





to 1 to 14 hr. in 15-min. steps. Contact 
rating is 10 amp.. 115 or 230 volts a.e. 
Paragon Electric Co... 33 West Van 
Buren St.. Chicago, II. 


Electric Time Switches 


For automatically controlling electric 
circuits for timed operations, ihese new 
switches feature pure silver on copper. 
button type contacts securely mounted 
on bakelite contact arms. New quick- 
make and quick break switch action, 
mechanically operated by the motor- 
driven clock movement. produces a wipe 
action before contact is broken. Syn- 
chronous motor is of the self-starting 























type. Neatly styled) steel cabinet with 
concentric knockout in top. bottom, back 
and sides. finished in 
baked aluminum 


Electric Mfg. Co... 


durable hard 
Wadsworth 


Inc., Covington, Ky. 


enamel. 
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Manufacturers’ Publications 





Auromatic Moror Contror -— Electric 
Controller & Mfg. Co., 2700 E. 79th St., 
Cleveland, Ohio. Booklet 88, 24 pages, 6x9 
in. Describes E C & M custom-built auto- 
matic motor control for squirrel cage, wound- 
rotor, and synchronous motors. 


CaBpLeE General Electric Co., Schenee- 
tady, N. Y. Bulletin GEA-3215 A, 4 pages, 
8x 1014 in. The new No. 1799 heat-resisting 
varnished cambric cable is described in this 
bulletin, which graphically illustrates its 
properties, 


CaLibron— Calibron Products, Inc., West 
Orange, N. J. Calibron Notebook No. 5, 24 
pages, 6x9 in. Outlines character of busi- 
ness, policies, and facilities of Calibron Prod- 
ucts, Inc. Many interesting photographs 
serve to illustrate some of the work. 


Cement —Smooth-On Mfg. Co., 568-574 
Communipaw Ave., Jersey City, N. J. Hand- 
hook 1939, 40 pages, 3! x 6 in. 170 dia- 
grams and clear instructions show how 


» 


Smooth-On cements may be applied in repair 
and construction practice. 


CuHain Sprockets Webster Mig. Ine., 
Tiffin, Ohio. Catalog 60-A, 140 pages, 74% x 11 
in. Complete line of Webster chain sprockets 
and allied equipment is covered in this cata- 
log, which includes dimension diagrams and 
tabular data. 


CHEMICAL PAIN4 American Chemical 
Paint Co., Ambler, Pa. Bulletin No. 6-2, 4 
pages, 4x 8% in. Describes Kemick, the 
chemical paint developed for use on metal 
surfaces at high temperatures. 


ELectroNtc Tupes Westinghouse Electric 
& Mfg. Co.. Lamp Div., Bloomtield, N. J. 
Price Sheet 5-860, and rating sheet S-860A, 
8'4 x11 in. The rating sheet lists tubes in 
functional groups giving complete ratings. 


Fecis—The Booth Felt Co., Inc., 434 19th 
St., Brooklyn, N. Y. Sample and application 
chart, 9x 12 in. Contains actual samples of 
felt and lists their applications in) handy 
folder form. 


Grapiic INSTRUMENTS Roller-Smith Co., 
1766 W. Market St., Bethlehem, Pa. Catalog 
830, 4 pages, 844 x11 in. Graphic instru- 
ments, Type AG for ace. and Type DG for 
d.c., are covered, 


Inera Rep Rercectors —Fostoria Pressed 
Steel Corp., Fostoria, Ohio. Bulletin, 4 pages, 
8!',x10 in. Sets forth features of Para 
Sphere gold plated reflectors for infra red 
radiation. 

INSTRUMENT = TRANSFORMERS 


Westing- 


house Electric & Mfg. Co., East Pittsburgh, 


Pa. Bulletin B-2213, 12 pages 84% x11 in. 
Announces and describes a new line of 
instrument transformers, giving ratings and 
suitabilities for special jobs. 


Limit SwitcHes—General Electric Co.., 
Schenectady, N. Y. Bulletin GEA-3043, 4 
pages, 8x 10% in. illustrates and describes 
lever, push-rod, and rotating types of limit 
switches, including dimension diagrams for 
each type. 


Line STarters—Westinghouse Electric & 
Mig. Co., East Pittsburgh, Pa. Descriptive 
Data 11-200, 4 pages, 814 x 11 in. Sizes 0 and 
1 De-ion non-reversing line starters are de- 
scribed, with illustrations and diagrams. 


LuprirtusH-—U, S. Electrical Motors, Ine., 
200 E. Slauson Ave., Los Angeles, Calif. 
Four pages, 84x11 in. Well-illustrated 
bulletin describes U. S. Lubriflush system of 
motor lubrication. 


Morors—Century Electric Co., St. Louis, 
Mo. Form 938 A, 12 pages, 8x 1014 in. 
Describes and illustrates, giving much useful 
engineering data, repulsion start induction, 
brush lifting, single-phase motors. 


Morors Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. Booklet F-8488, 4 
pages, 8!4 x11 inches. Shaded pole and 
companion a.c. or d.c. series wound motors, 
sizes 1/125 to 1/30 hp., for unit heaters and 
similar applications are covered. 


Morors General Electric Co., Schenec- 
tady, N. Y. Bulletin GEA-1698A, 4 pages, 
8x 1044 in. Contains information on = con- 
struction features of Types M and MT wound 
rotor induction motors. GEA-1807 B, 4 pages. 
8x10! in., describes Types KT, FT, and 
FTR motors and their mechanical construc- 
tion. Bulletin GEA-1276 D, 8 pages, 8x 10'% 
in. Split-phase motors, Type KH, 1/60—1/3 
hp., are illustrated and described. Bulletin 
GEA-98B, Type RB motors, single phase, 
repulsion, brush shifting, capacity 4 to 3 hp. 


Movors —Allis-Chalmers Mfg. Co.. Mil- 
waukee, Wis. Catalog B-6029, 28 pages, 8's x 
1] in. Presents a wide range of facts and buy- 
ers’ data in ready reference form on Lo 
maintenance motors and Texrope drives. 


Motor Bast—American Pulley Co., 4200 
Wissahickon Ave.. Philadelphia, Pa. Form 
MB-38A, 14 pages, 844x11 in. Explains, 
illustrates and contains selection data for 
the American tension control motor base. 


Oitcess Bearincs  R. W. Rhoades Metal- 
ine Co., Inc., Long Island City, N. Y. Cata- 
log 4, 16 pages, 844 x 11 in. Generously il- 
lustrated catalog sets forth features of Metal- 
ine oilless bronze bearings, including sug- 
gestions for applications and tables of sizes 
and = specifications. 


Pratinum Baker & Co., Inc., 113° Astor 
St., Newark, N. J. “Platinum Metal and the 
Chemical Industry,” 16 pages, 834 x 11 in. 
Well prepared booklet sets forth properties 
of platinum metals and alloys, its forms and 
uses in the manufacture of plant equipment. 





Pressure SwitcHes—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-821-G, 4 
pages, 8x 10% in. Pressure and vacuum 
switches, diaphragm.type, designed to open 
or close contacts on changes of pressure or 
vacuum, are fully described. 


PuLteys—American Pulley Co., Philadel- 
phia, Pa. Price list 800, 4 pages, 844 x 11 in. 
Describes and gives complete price listings 
of American Sprucolite motor pulleys. 


Roratinc Cam Swircues—General Elec- 
tric Co., Schenectady, N. Y. Bulletin GEA- 
2330 A, 8 pages, 8 x 1014 in. Describes, gives 
specifications for, and includes connection 
diagrams for rotating cam switches used in 
motor applications. 


Rorary Swircues-—Roller-Smith Co., 1766 
W. Market St., Bethlehem, Pa. Catalog 9, 12 
pages, 814 x11 in. Illustrates, describes and 
includes wiring diagrams for Type R-2. ro- 
tary switches for instruments and controls. 


Screws—Standard Pressed Steel Co., Jen- 
kintown, Pa. Catalog 542, 18 pages, 844 x 11 
in. All types of “Unbrako” self-locking 
screws are covered with specifications and 
list prices. 


THERMOMETERS-—The Brown Instrument 
Co., Div. Minneapolis-Honeywell Regulator 
Co., Wayne & Roberts Aves., Philadelphia, 
Pa. Booklet 2-17, 8 pages, 8x 1044 in. Sets 
forth design details of Brown thermometers 
and pressure gages. 


THERMOMETERSThe Foxboro Co., Fox 
boro, Mass. Catalog 148-5, 24 pages, 8% x 11 
in. Contains complete explanations and de- 
scriptions of the Foxboro line of indicating 
thermometers for various industries. Methods 
of installation and photographs of typical 
uses are included. 


V-Be_t Fasteners Flexible Steel Lacing 
Co., 4607 Lexington St., Chicago, Ill. Bulle- 
tin V-200, 4 pages, 844 x 11 in. Covers the 
new line of Alligator V-belt fasteners for 
“B’L "CC", and “D” section V-belts, showing 
how fasteners are applied and_ illustrating 
various applications. 


Wetpinc—Lincoln Electric Co., 12818 Coit 
Rd.. Cleveland, Ohio. “101 Welding Ideas for 
Low-Cost Maintenance,” 16 pages, 8% x 11] 
in. Illustrates and describes a wide variety 
of repair, fabrication, and structural appli- 
cations of are welding. 


Wetp Timer Electric Controller & Mfg. 
Co., 2700 E. 79th St.. Cleveland, Ohio, Bulle- 
tin 1201, 4 pages, 844x111 in. Illustrates, 
describes and sets forth advantages of the 
Neotron weld timer. 


Wire Rope —Hazard Wire Rope Div., 


American Chain & Cable Co., Inc., Wilkes- 
Barre, Pa. Catalog 20, 132 pages, 444 x7 in. 
Furnishes in compact and convenient form 
basic information regarding wire rope, in- 
cluding data on materials, construction, cov 
erings, and complete tabulation of sizes avail 
able in all types of ropes and fittings. 
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Industrial Plastics 


Hersbert R. Simonps—37] pages, 614 
x 914 in. Blue clothboard covers. Pub- 
lished by Pitman Publishing Corp., 2 
West 45th St., New York, N. Y. Price 
$4.50. 


Engineers who are using or contem- 
plate using plastics will find this book a 
valuable addition to their library, as it 
contains a comprehensive review of plas- 
tic materials. The author has purposely 
avoided detailed chemical formulas. but 
for those who are interested in the chem- 
istry of plastics has included a chapter 
at the end of the book covering structure. 
polymerization, catalysts and plasticizing 
agents. After a brief discussion of the 
history of plastics, basic materials and 
the important plastics on the market to- 
day, the author presents detailed infor- 
mation on molding practice. fabrication. 
physical properties, and design factors. 
There is also a chapter on research and 
the future of plastics. As an additional 
feature, the book contains an itemized 
list of trade names, types. and manufac- 
turers. 

The book should prove of value to de- 
signers, presenting as it does in one 
considerable 


volume tabular 


and factual data; in particular, the chap- 


valuable 


ter on molding practice contains excel- 
lent information on mold design. estimat- 
ing. mold steel and molding technique. 


Wood Structural Design Data 


Volume I, Second Edition, 296 pages. 
9x11 in, Published by 
Vational Lumber Manufacturers Associa- 
tion, 1337 Connecticut Ave., Washington, 
D.C. Price $1; with Supplements $1.25. 


Fiber covers, 


Since publication of the first edition in 
1934. this book has been generally recog- 
nized as standard authority on wood 
design. Revised to incorporate recent re- 
search findings. the data is tabulated and 
arranged for the convenience of design 
engineers. The Handbook contains in- 
formation on the physical. chemical an‘| 
mechanical properties of wood, timber 
quality-strength relations. and American 
Standard lumber sizes. tabulating such 
properties as sectional area. moment of 
inertia. sectional modulus. resisting mo- 
ments. beard footage. and weight per 
linear foot. 

Notched and checked beams. bearing. 
load at angle to grain. combined axial 
ind bending stresses, shear and bending 
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moment diagrams. and conversion iables 
are presented. Labor saving tables for 
limited by 
beams limited by bending stresses are 
also included. 

Five supplements to the Handbook 
cover Working Stresses. Bolted Joints. 
Joists. Columns, and Trusses. 


beams deflection and for 


Protective Coatings for Metals 


R. M. Burns ano A. E. ScHun—407 
pa 2 x 914 in. Blue clothboard 
covers. Published by Reinhold Publish- 
ing Corp., 330 W. 42nd St., New York, 
\V. Y. Price $6.50. 


ges, 61 


é 


This newest addition to the American 
Chemical scientific 


and technologie monographs is probabl: 


Society *s series of 


the most complete discussion of the sub- 
ject available to the engineer today. 
Much of the textual matter is based on 
long-time exposure tests, and consider- 
able space has been devoted to discus- 
sion of the preliminary preparation of 
metal surfaces before coating applica- 
tion. This book is not intended as a 
manuel on production practice. although 
considerable information is included on 
this phase of the subject to give the 
reader a better understanding of the 
nature of the various coatings available. 
As far as practicable. trade-names of 
coatings and methods are indicated. Or- 
ganic as well as metallic protective coat- 
ings are included. Considerable material 
used in this volume has been taken from 
a previous monograph: Mr. A. S. Raw- 
“Protective Metallic 
which was published in 1927. 


don’s Coatings.” 


Lubricants and Lubrication 


James I. Crower—332 illustrations, 
47 tables, 464 pages, 6 x 9 in. Cloth- 
board covers. Published by McGraw-Hill 
Book Co., 330 West 42nd St... New York. 
N. ¥. Price $5. 


The author describes in this volume 
the source, production and refining of 
lubricants, and the theory of lubrication. 
with the object of guiding the reader in 
the selection, application. use and care 
of lubricants. Material that is to be 
found in standard works on specialized 
phases of the subject has been purposely 
avoided or minimized. 

The first eleven chapters are devoted 
to the fundamental principles and prac- 
tices associated with lubricants and In- 
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brication that apply to all types of ma- 
chinery. The next six chapters cover in 
detail the lubrication of steam turbines. 
steam engines, air compressors. refrig- 
erating machines, and internal-combus- 
tion engines. The last chapter deals with 
the general principles and practices for 
storing and handling lubricants. 

The book is essentially practical and 
should be helpful to those who design 
and operate machinery, and to those who 
are concerned with the selection of lubri- 
cants and various methods of application. 


Symposium on Patents 


122 pages, 6 x 9 in. Published by Anthony 
William Deller, chairman, Committee on 
Patent Law Lectures of the Federal Bar As- 
sociation of New York, New Jersey and Con 
necticut, 67 Wall St.. New York. Price $1. 


Prompted by the widespread interest 
aroused by the activities of the Temporary 
National 


posium on the general subject of patents 


Economic Committee, this sym 
contains eight papers presented by men well 
qualified to discuss the subject. The papers, 
which cover “The American Patent System”, 
~Metallurgy 


and Patents’, “Industry and Patents”, “Engi 


“Inventions and Civilization”, 


neering and Patents”, “The Inventor and 
Patents, Patents’, and 
“Our National Welfare and Patents”, point 


out the dangers involved in destroying the 


“Chemistry and 


incentive to invention and set forth the bene 


fits accrued from our patent system. 


Continuous Welded Rail 


Hersert F. Moore — 14 illustrations, 6 
tables, 30 pages, 6 x 9 in. Published by the 
University of Illinois. Urbana, Ill. Price 15 


cents. 


This is the First Progress Report of the 
Joint Investigation of Continuous Welded 
Rail, conducted by The Engineering Experi 
ment Station of the University of Hlinois in 
cooperation with the Association of Ameri 
can Railroads, and is reprinted from the 
Bulletin of the American Railway Engineer 
ing Association. The report gives results ob 
tained to date on etch tests. metallographic 
tests, hardness surveys; mechanical tests of 
the specimens from welded rail joints: tests 
of welded joints under repeated wheel load; 
bend and drop tests of welded joints. 


Wrought Steel Railway Car Wheels 


Tuomas J. DoLAN anno Rex L. Brown 24 
illustrations, 9 tables, 70 pages, 6 x 9 in, 
Published by the University of Illinois, 
Urbana, Ill. Price 70 cents. 


This bulletin, Series No. 312, reports an 
investigation of wrought steel railway car 
wheels conducted by the Engineering Ex 
periment Station of the University of Illinois 
in cooperation with the Carnegie Illinois 
Steel Corp. The main purpose of the test 
reported was to locate the most highly 
stressed portions of a wheel under several 
types of loading and to calculate the magni 
tude of the larger stresses. 
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Helical Spring Tables—II 


N THE ACTUAL selection of heli- 
cal springs. most of which fall into 
one of six general groups. it is 
necessary to refer to the text presented 
up to this point only for an understand- 
ing of the methods used, and for the pur- 
pose of selecting springs with special 
requirements. The job of selecting most 
general purpose springs can easily and 
simply be carried out by using the proper 
one of the following procedure forms. 
large numbers of 
springs may find it practical to draw up 
a form sheet which can be reproduced 


Those who specify 


in large quantities. Then the job of se- 
lecting the correct spring is reduced to 
filling in the blank spaces of the proper 
spring selection form. 

SPRINGS WITH STATIC LOAD: working 
length not specified. The following re- 
quirements are known: 

Desired load 

Total deflection 

Stress group, from Table A 


In selecting a spring from Table B. 
hased upon the above requirements. the 
following values are determined: 

Table load, P 

O.D. of spring 

I. D. of spring 

Wire diameter, d 

Coils per in., n: 


or lead. Lb 

Ratio R active free length 

es ( total deflection ) 

Finally. the working length of the se- 
lected spring can be determined by sub- 
tracting the total deflection D from the 
free length, where the free length is the 
sum of the length of inactive coils and 
the active free length. 

The total deflection should be chosen 
so that possible variations in the free 
length and in the space in which the 
spring is confined will not be too large 
in comparison, In case the working 
length turns out to be too large. increase 
the spring diameter or decrease the total 
deflection. 

STATIC LOAD? WORKING LENGTH SPECI- 
riep. For this type of spring, 
quirements are known: 

Desired load 

Working length 


Stress group, from Table A 


these re- 
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In selecting a spring to fill the above 
requirements, find in Table B, 

Table load, P 

O. D. of spring 

1. D. of spring 

Wire diameter. d 

Coils per in.. n: or lead, L 
Ratio R 


Next. by subtracting the length of dead 
coils from the working length, the active 
working length is found. Then the total 
deflection. D. is found from 

active working length 


) 
f (R 1) 


Finally, the free length of the selected 
spring is determined by adding the total 
deflection, D, to the working length, the 
total deflection being rounded off to frac- 
tional inches. 

When scanning Table B for the choice 
of a spring. the approximate total de- 
flection may be predetermined by a 
rough mental calculation, dividing the 
given working length by (R 1). using 
the ratio R of the spring considered. 
The total deflection should come out so 
that) possible variations in the free 
length and in the space in which the 
compressed spring is confined will not 
be too large in comparison. In case the 
total deflection turns out to be too short. 
use a larger O. D. size. 


FOR SPRINGS WITH RECIPROCATING MO- 
rioN, or with adjustable static load and 
adjustable 


working working 


length not specified. Requirements are: 


length; 


Desired load at 
length 

Load increase factor, 7 

Desired load at 
length, 7 load at max. 
length 

Working stroke 

Total deflection. from Table € 


Stress group 


maximum working 


minimum working 


working 


Then. from Table B. in selecting a 
spring to fill the above requirements. 
determine these values: 

QO. D. of spring 

1. D. of spring 

Wire diameter, d 

Coils per in. n: or lead, L 

Ratio R 

Table load, P 


Actual load at max. work. length. P/i 


Next. the free length. equal to the sum 
of the active free length and the length 
of dead coils, is found and rounded off 
to fractional inches. Then. determine the 
minimum working length by subtracting 
the total deflection, D, from the free 
length found above. By adding the work- 
ing stroke to the minimum 
length. the maximum working length is 
found. 


working 


In case the spring turns out to be too 
long. use a larger outside diameter or a 
larger 7 factor. 


SPRINGS WITH RECIPROCATING MOTION, 
or with adjustable static load and ad- 
justable working length; working length 
requirements 


specified. The following 


can be set down: 
Desired load at maximum working 
length 

Load increase factor, 1 

Desired load at 
length, 7 
length 

Stress group, from Table A 

Free length of the spring, max. work- 


minimum working 


load at max. working 


ing length working stroke 
total deflection, D 


In the procedure for the selection of 
the proper spring of this type. sean 
Table B. estimate the length of dead 
coils. and by subtracting this value from 
free length. determine the approximate 
active free length. If, in this estimation, 
the tentatively 


picked wire diametet 


differs substantially from the wire size 
finally selected. repeat calculations. 

Determine spring ratio, R. 

Now. select from Table B a = spring 
with values R and P as close to the re- 
quired ratio and load as possible, Try to 
select a spring such that the value R r 

slightly 
required, 


from the table is equal to or 
larger than the value R, x P 
Then. from Table B. these values can be 
set down: 

O. D. of spring 

1. D. of spring 

Wire diameter. d 

Coils per in. n; or lead, L 

Table ratio, R 


Table load. P 


Using these values, the actual loads 
may be calculated from 
{etual load at max. working length 


actual load at min, working length ~ i 
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{etual load at min. working length 
table ratio R 


table load xX 
required ratio R, 

In case this type of spring has a speci- 
fied O.D. in addition to the specified 
working length, try different load in 
crease factors, 1, until the spring fits into 
the given space. If the first choice of the 
stress group was conservative. a higher 
When the 


available space is very small, the use of 


stress group may be used. 


two springs. one inside the other, may be 


necessary. 


INNER SPRING OF TWO SPRINGS, one in- 
side the other. Here the 


are: 


requirements 


Free length 

Total deflection. D 
Minimum working length 
Outside diameter 

Stress group, from Table A 


The first three of these are the same 
as for the outer spring. The outside 
diameter, O.D.. should be specified to 
allow sufficient clearance between the 
springs. 

When making the selection from Table 
B, pick a spring with a table value R 
equal to or smaller than the ratio R 
used for the outer spring. However, the 
table value R of the inner spring may be 
slightly larger than the R used for the 
outer spring, but only if this table value 
R of the inner spring does not turn out 
larger than the actual ratio of the inner 
~pring as found below. 

By subtracting the length of dead coils 
from the free length. determine the active 
tree length, divide it by D to find the 
actual ratio R. Then. from Table B. these 
values are found: 

I. D. of spring 

Wire diameter. d 

Coils per in. n: or lead, L 

lable ratio R 


lable load. r 


Then. using the above values, caleu- 


ate: 
fetual load at min. working length 


table ratio R 
table load 


actual ratio 
fetual load at max. working length 
actual load at min. working length 


l 


When two springs are used. the outer 
pring will, in the average case, have 
bout 2. to 34 of the combined capacity 
t both springs. An inspection of Table 
> will yield approximate values of the 
‘lative loads in each particular instance. 
should be wound 
ppesite to the outer one in order to pre- 
ent locking of the coils. In 


The inner spring 
extreme 


November. 1939 


cases, a third spring may be added, but 
the gain in load capacity will be small. 


SPRINGS REQUIRING A DEFINITE SCALI 
in lb. per in., or rate of load. The re- 
quirements in this case are: 

Maximum load 

Scale in lb. per in. deflection 

Total deflection 

Stress group, from Table A 


When picking the spring from Table 
B. the table load P must be equal to or 
larger than the maximum load required. 
If an approximate free length is to be 
aimed at. the table value R, when multi- 
plied by the total deflection, will furnish 
a rough value of the free length. Then. 
from Table B, find: 

Table load, P 

O. D. of spring 

I. D. of spring 

Wire diameter, d 

Coils per in.. n: or lead, L 

Table value R 

Determine the active free length from 

ax 


scale per in. 


~ 


{ctive free length 


Finally, determine the free length by 
adding to the active free 
length of dead coils. 


length the 


Interpolating for Exact Load 


Sometimes the required load must be 
closely maintained. If, at the same time. 
the spring must have a specified O. D.. 
it usually is not possible to find a spring 
with the exact table load desired. In such 
a case pick the spring with the next 
higher table load and modify the spring 
ratio R as follows: 


table load 


required load 


R ( odified R tab 

and use this modified ratio R in the 
spring selection form. This will reduce 
the spring load to the exact value. 


Shock Loads 


The following formula can be used to 


investigate whether a spring of given 


shock 
load without the coils clashing together. 
P.—P D HW J D 


2X ig >32% 2 +2" 


dimensions will absorb a= given 


COS @ 


where 
r spring load at moment of impact 
in lb. = zero if 
preloaded 
P table load in Jb. 


spring Is not 


s working stroke of spring in in. 
total deflection if P, is equal 
to zero 


i weight of inoving mass in lb. 
J speed of moving mass at moment 


of impact in ft. per sec. 


57 angle between path of 


mass and the vertical. 
D 
In the expression + 13 W 


the plus sign if the moving weight ap- 


moving 


cosz% use 


proaches the spring from above and the 
minus sign if it approaches from below. 


In a free fall of the weight, V° is found 


from 
J 2gah 
where 
g 32 


h = height in ft. between start of fall 
and point of impact. 

Sometimes it is desirable to find values 
the solid 
length, and the solid stress. They are 


for the number of active coils, 


obtained by solving the following 


formulas: 


Vumber of active coils 
active free length coils per in, 
active free length 
lead of coils 


number of active coils 
length of dead coils 


Solid length 


wire diameter 4 


Solid stress 


free length solid at) 
total deflection 
table stress 


where total deflection is the difference 
between free length and minimum work- 
ing length. 

In case the spring is liable to be com- 


pressed solid during assembly or by 
accident. the solid stress should be fig- 
ured and should not exceed about 
120.000 Ib. per sq. in. for 
100,000 Ib. per sq.in. for 
and chrome-vanadium steel wire, and 
80.000 Ib. per sq. in. for hot rolled. hard 


drawn and stainless steel wire. Due to 


music wire: 


pretempered 


the fact that coil clearance is 10 per cent 
of the 
more, in springs with a small index 2rd 
which total deflection 
smaller than the wire diameter, the solid 


wire diameter, and sometimes 


have a much 
stress will sometimes exceed these limits. 
In such a case, if at the same time the 
spring is liable to be compressed solid. it 
should be pressed solid during manufac 
turing operations, 

This will shorten the free length and 
minimum working length by equal 
amounts, so that the total deflection down 
to the length will 
remain unchanged. Another possibility is 


minimum working 


to select a different spring. perhaps in a 
lower stress group, so that the solid stress 
will no longer exceed the elastic limit. 


(Continued on next page) 
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Table B—Selection of Springs 


Continued from p. 410, September Number 





LOW STRESS GROUP VIepiumM Stress Group Hlicu Stress Group 





SPRING SPRING 
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* Values given in terms of lead, 


Part | of this article on Lielical Spring ber. Part Il followed in the September ber, will conclude the presenta: on 
Tables by Mr. Paul Klamp appeared issue, pages 407 to 410. Part IV, which this short-cut method of spring selec 
on pages 30! to 364 of the August num- will be published in the December num- tion with three more pages of T. ‘le B. 
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